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Congress of the United States, Is the House of Rkpresentatives, 

FonTV-FiRST CoxonESS, Second Skmsios, Juiy 12, IBTO. 
BmolMd hji the HouM of Bepraentatica, (IheSenale concttiriiig,) That ten tliouBSDd addi- 
tional oupiea of the Keport of the SmithsoDi&n Inetitution for the year 1869 be printed, 
three thousand of wliich ahall be for the use of the Senate, four tUousand for the use 
of the House, aud three tfaoosaDd fur the use of tho Institution ; ProHdrd, That Iho 
nggcegal« number of pages of said report Hhall not exceed four hundred und flftf . nud 
that there BhaU be no illnslratious except those farnished liy the Sioithsaninu lusti- 
tatfon. 

On the 13th nf July, 1«T0, ft message was received from tho Scnnte, by Mr. Gorhaui, 
its Secretary, notifying the House that tho Senate had agreed to tlie said resolution 
without lunendmcnt. 
. , ■ Attest: EDW. Mcpherson, Cfert. 

■Per GEO. FHS. DAWSON^ Auiitant Cfciit. 



,.'^' 
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LETTER 
SECRETARY OF THE SMITHSONIAN INSTITUTION, 

Tke anntuti report of the l^mitltaonian InsUtutiou for the year 1869. 



Smithsonian Institution, 

Washington, March 1, 1870. 
SiB: In behalf of the Bonrd of Itegeuts, I have the honor to stibmit 
to the Congress of the United States the auniial report of the operations, 
cxpeuditares, aud condition of t)ie Smithsonian Institution for the year 
13(i0. 
I have the honor to be, very respectfully, your obedient servant, 
JOSEPH HENRY, 
Secretary Smitktonian Iratitution. 
Hon. S. Colfax, 

Preaident of the Senate. 
Hon. J. G. Blaine, 

Spealxr of the House of Representatives. 
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ANNUAL REPORT OF THE SMITHSONIAN INSTITUTION FOR 1869. 



This (locuineiit contains: 1. The programme of orgaoization of tb« 
Smithsonian iDstitution. 2. The anunal report of the secretary, giving 
ao acconot of the operations and condition of the estaWishment for the 
year 1869, with the statistics of coUeetions, eschanges, meteorology, &c. 
3. The report of the executive committee, exhibiting the financial nSiiirs 
of the Institution, including a stuteiDeiit of the Smitbson fund, the re- 
ceipts and expenditures for the year 18G9, and the estimates for 1870. 
i. The proceedings of the Board of Itegents, 5. A general appendix, 
consisting principally of reports of lectures, translations from forcing 
ionmals of articles not generally accessible, but of interest to meteorol- 
ogists, correspondents of the Institution, teachers, and others interested 
in the promotion of knowledge. 
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PROGRAMME OF ORGANIZATION 
SMITHSONIAN INSTITUTION. 



IKTRODUCTION. 



General eonsideratwns irAtcA should serve as a guide in adopting a Plan 
of Organization. 

1_ Will of Smithson. The property is berjueathed to the United 
States of America, " to foaod at WashiiiglOD, under the name of the 
Smithsonian Institution, an estabhshmeut for the increase and difi'u- 
sioD of knowledge among men." 

2. The bequest is lor the benefit of maukiud. The Government of 
the United States is merely a trustee to carry out the design of tlie 
testator. 

3. The Institution is not a national estabUsliment^ us is ftequeutly 
supposed, but the establishment of an individual, and is to bear and 
perpetuate hts name. 

4. The objeets of the Institution are, Ist, to increase, and, "2d, to 
diffuse knowledge among men. 

5. These two objects should not be confonndetl with one another. 
The first is to enlarge the existing stock of knowledge by the addition 
of new truths; and tlie second, to disseminate knowledge, thus increased, 
among men. 

6. The will mnkes no restriction in favor of any particular kind of 
knowledge ; hence all branches are entitled to a share of attention. 

7. Knowledge can be increased by diScreot methods of facilitating 
and promoting the discovery of new truths; and can be most exten- 
sively diffused among men by means of the press. 

8. To effect the greatest amount of good, the organization should be 
such as to enable the Institution to produi^e results, in the way of in- 
creasing and diifusing knowledge, which ciinnot be produced either at 
all or so efficiently by the existing institutions in our country. 

9. The organization should also be such as can be adopted provis- 
ioually ; can be easily reduced to practice ; receive modilications, or 
be abandoned, iu whole or in i>art, without a sacrifice of the funds. 

10. In order to compensate iu some nieiisure for the loss of time 
occasioned by the delay of eight years iu establishing the Institution, 
a considerable portion of the interest which has accrued should be added 
to the principal. 

11. In proportiou to the wide field of knowledge to be cultivated, the 
funds are small. Economy should, therefore, he consulted in the con- 
struction of the building ; and not only the first cost of the odiflpe should 
be considered, but also the coiitiimal exi>ense of keeping it in repai!*. 



8 PROGBAMME OF OaOANIZATIIN. 

and of tbc support of tlie estaliHshmciit necessarily connected witli it. 
Tliore should also be but few iadiriduals permanently supported by tbe 
Institution. 

12. TUe plan and dimensions of the building sliould be determined bj 
the plan of the organization, and not the converse, 

13. It should be recollected that mankind in general are to be bene- 
fited by tbe bequest, and that, therefore, all unnecessary expenditure 
on local objects would be a perrersion of the tnist. 

14. Besides the foregoing considerations, de<Uiced immediately lYom 
the will of Smitbsou, regard must be hiid to certiiin requirements of the 
act of Congress establishing the Institution. These are, a library, a 
museum, and a gallery of art, with a building on a liberal scale to eou- 
tain them. 

SECTION I. 

Plan of organization of the Imtttutum in accordance aith the foregoing 
dedmtion» from ike will of Smithson. 

To INCREASE KNOWLEDGE, It is proposed — 

1. To stimulate men of talent to make original researches, by offering 
suitable rewards for memoirs containing new truths; and, 

2. To appropriate annually a portion of the income for particular re- 
searches, under the direction of suitable iiersoos. 

To DIFFUSE KNOWLEDGE. It is proiTOSCd— 

1. To publish a series of iHjriodical reports on the progress of the dif- 
ferent branches of knowledge; aud, 

2. To publish occasionally separate treatises on subjects of gencnU 
interest. 

DETAILS OF THE PLAN TO INCREASE KNOWLEDGE. 

I. By stimulating researches. 

1. Facilities afforded for the production of original memoirs on all 
branches of knowledge. 

2. The memoirs thus obtained to be published in a series of rolumes, 
in a quarto form, and entitled Smithsonian Contributions to Knowledge. 

3. No memoir on subjects of physical science to l>e accepted for pub- 
lication which does not furnish a positive addition to human knowledge, 
resting on original researeb ; and all unverified speculations to be re- 
jected. 

4. Each memoir presented to the Institution to be submitted for 
examination to a commission of persons of reputation for learning in the 
branch to which the memoir i>ertains; and to be accepted for publica- 
tion only in case the report of this commission is favorable. 

5. The commission to l>e chosen by the officers of the Institution, and 
the name of the author, us far as practicable, concealed, unless a favor- 
able decision is made. 

C. The volumes of the memoirs to l>e exchanged for the transactions 
of literary and scientific sm-ieties, and copies to be given to all the col- 
leges and principal libraries in this country. One part of the remain- 
ing copies may be offered for sale, and the other carefully preserved, 
to form complete sets of the work, to supply the demand from new insti- 
tutions. . 

7. An abstract, or popular account, of the contents of these memoirs 
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to be given to the public through the atinaal report of the KegentB to 
Congress. 

11. Bff appropriating a part of tite income, annually, to special ohjffcts 
of research, under tlte direction of suitable persons. 

1. The objects and the amount appropriated, to he recommended by 
connsellors of the Institution. 

2. Appropriations in diflereiit years to diflerent objects; so that in 
course of time each branch of knowletlge may receive a shiirc. 

3. The results obtained from these appropriations to Ite published, 
with the memoirs before mentionetl, in the volumes of the Smithsonian 
Contributions to Knowledge, 

4. Examples of objects for which appropriations may he made. 

(1.) System of extended meteorological observations for solving the 
problem of American storms. 

(2.) Explorations in descriptive natural history, and geological, mag- 
netical, and topographical surveys, to collect materials for the formation 
of a Physical Atlas of the United States. 

(3.) Solutiou of experimental problems, snch as a new determina- 
tion of the weight of the curth, of the velocity of electricity, and of 
light ; chemical analyses of soils and plants ; collection and publication 
of scientific facts accumulated in the otiic«s of government. 

(4.) Institution of statiatical inquiries with reference to physical, 
moral, and i>oliticaI subjects. 

(5.) Historical researches, and accurate surveys of places celebrated 
in American history. 

(C.) Ethnological researches, [wrticnlarly with reference to the dif- 
ferent iiices of men in North America ; also, explorations and accurate 
surxeys of the mounds and other remains of the ancient people of our 
country. 

DETAILS OF THE PLAN FOR DIFFUSING KNOWLEDGE. 

I. By the publication of a series of reports, (ficiitg an account of the new 
discoveries in science, and of the changes made from year to year in all 
braacltes of knowledge not vtrictly professional. 

1. These reports will diffuse a kind of knowledge generally interest- 
ing, but which, at present, is inaccessible to the public. Some of the 
re[>nrts may be published annually, others at longer iutervals, as the 
income of the Institution or the changes in the branches of knowledge 
may indicate. 

2. The reports are to be prepared by collaborators emlucut iu the dif- 
ferent branches of knowledge. 

'}. Each collaltorator to he furnished with the journals and publica- 
tions, domestic and foreign, necessary to the compilation of his rei>ort ; 
tt) be paid a curtain sum for his labors, and to be named on the title- 
page of the report. 

4. The reiwrts to be published in separate parts, so that persons inter- 
ested in a particular branch can procure the parts relating to it without 
purciiasing the whole. 

5. These reports may be presented to Congress, tor partial distribu- 
tion, the remaining copies to be given to literary and scientific institu- 
tions, and sold to individuals for a moderate price. 

The following are some of the subjects which may be embraced in the 
reports :" 

"This partof ttiepIaQ basbeao bnt partial)]- en rried outX_ioOQlC 



10 PEOOBAMME OF OKGANIZATION. 

I. PHYSICAL CLASS. 

1. Pbysics, including aBtroiiomy, natural philosophy, chemistry, and 
meteorology. 

2. Natural history, including botany, zoologj', geology, &c. 

3. Agriculture. 

4. Application of science to arts. 

II. MORAL AND POLITICAL CLASS. 

5. Ethnology, includiog particular history, comparative philolog}', 
nnti(|aitiea, &c. 

6. Statistics and political economy. 

7. Mental and moral philosophy. 

8. A survey of the political events of the world ; [lenal reform, &c. 

III. LITEBATUBE AND THE FITJE ARTS. 

0. Modern literature. 

10. The flue arts, and their application to the nseful arts. 

11. Bibliography. 

12. Obituary notices of distinguished individuals. 

11. Bj) the publication of separate treatises on suhjecin of general interest. 

1. These treatises may occasionally consist of valuable memoirs 
translated from foreign languages, or of articles prepared under the 
direction of the Institution, or procured by ofl'eriug itremiums for the 
best exposition of a given subjeet. 

2. The ti'eatiaes should, in all cases, be submitted to a commission of 
com]>etent Judges, previous to their publication. 

'A. As examples of these treatises, expositions may be obtained of the 
present state of the several branches of kuonledge mentioned iu tho 
table of rciMjrts. 

SECTION II. 

Plan of organization, in accordance with the terms of the resolutions of the 
Board of Beffents providing for tlw tico modes of increasing and diffusing 
Icnoteledge. 

1. The act of Qpngress establishing the Institution contemplated the 
formation of a library' and a mu.seum ; and the Board of Kegents, in 
eluding these objects iu the plan of organization, resolvetl to divide the 
income* into two equal parts. 

2. Une part to be appropriated to increase and diffnse knowledge by 
means of publications and researches, agreeably to the scheme l^fore 
given. Tlie other part to be appropriated to the formation of a library 
and a eolle<;tion of objects of nature and of art. 

3. These two plans are not incompatible with one another. 

4. To carry ont the plan before described, a library will be required, 
consisting, 1st, of acomplete collection of the transactions and pi'oceeil- 
tiigs of all the learned societies iu the world ; 2d, of the more im[>ortaut 
t^irrent i>erioflical publications, and other works necessary in preparivtag 
the periodical reports. y 

*'l'lii- amount of tbti Suiitbsouiau bequest received iulu tLe Treasur; of the 

L'uiteil States in 4515, Iffi I W 

liitti(-HtoiithesametoJu1yl,1846,(devotedtotbocrectioiiuf thebuilding) 242,1-^<IIJ 
Aunnitl iDCume fVom tbp bequest 30,91 .0 It 
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5. The Institution sliould make special collections, particularly of 
objects to illQBtrate atid verify its own publications. 

6. Also, a collection of instinments of research in all branches of ex- 
perimental science. 

7. With reference to the collection of books, other than those men- 
tioned above, catalogues of all the different libraries in the United 
States should be procured, in order that the valuable books first pur- 
chased may be such as are not to be found in the United States. 

8. Also, catalogues of memoirs, and of books and other materials, 
should be collect^ for rendering the Institution a center of bibliograph- 
ical knowledge, whence the student may be directed to any work which 
he may require. 

9. It is believed that the collections in natural history will increase 
by donation as rapidly as the income of the Institution can make pro- 
vision for their reception, and, therefore, it will seldom be necessary to 
pnrchase articles of this kind. 

10. Attempts should be made to procure for the gallery of art casts 
of the most celebrated articles of ancient and modem scnlptnre. 

11. The arte may be encoimiged by providing a room, tree of ex- 
pense, for the exhibition of the objects of the Art-UniMi and other 
similar societies. 

12. A small appropriation should annually be made for models of an- 
tiquities, such as those of the remains of ancient temples, &c, 

13. For the present, or until the building is fully completed, besides 
the Secretary, no permanent assistant will be required, except one, to 
act as librarian. 

14. The Secretary, by the law of Congress, is alone responsible to 
the Eegents. He shall take charge of the bnilding and property, keep 
« record of proceedings, discharge the duties of librarian and keeper of 
the museum, and may, with the consent of the Begents, employ asiistantg. 

15. The Secretary and his assistautB, during the session of Congress, 
■will be require*! to illustrate new discoveries iu science, and to exhibit 
DCW objects of art. Distinguished individuals should also be invited to 
give lectures on subjects of general interest. 



This programme, which was at first adopted pronsionally, has be- 
comethe settled policy of the Institution. The only material change 
in that expressed by the following resolutions, adopted January 15, 
1855, viz: 

Keaolted, That the 7th resolution passed by the Board of Begents, 
OD the 2Ctb of January, 1>^7, requiring an equal division of the income 
between the active operations and the museum and library, when the 
buildings are completed, be, and it is hereby, repealed. 

Resolved, That hereafter the annual appropriations shall be appor- 
tioneil S|>ecifically among the different objects and operations of the 
Institution, in such manner as may, in the judgment of the Regents, be 
necessary and proper for each, according to its intrinsic importance and 
n compliance in good faith with the law. 
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PROFESSOR HENRY, SECRETARY OF THE SMITHSONIAN INSTITDTION, 

FOR 

1869. 



To the Board of Regents : 

Gentlemen : The lustitatioa intrusted t^i your goardiansbip by tlie 
Congress of the United States, has, during the past year, contiuaed its 
operations iti the line of increasing and diffusing knowledge with una- 
bated energy. The sphere of its influence in this country and abroad 
has from the first been constantly on the increase, and it is now not too 
mnch to say that no institution founded by the liberality of a private 
individnal ever attained a wider or more favorable reputation. It is 
true, its character is sometimes misunderstood, but this cannot be a 
matter of surprise when we reflect that it differs iu many particulars 
firom all other institutions, and that without an attentive perusal of the 
annual reports, no adequate idea can be obtained of its varied field of 
labor, or of what it has done and is doing to promote the special objects 
denoted in the will of its founder. It is here sufficient to mention that, 
besides adding to the sum of human knowledge by its own operations, 
and connecting its name with the history of almost every branch of 
science, it has become the general agent through which the intellectual 
labors of the eastern and western hemispheres are brought into efBcient 
cooperation. The importfiuce of its labors and the influeuce of the 
international communication which it has estabUshed, can only be pro- 
perly estimated by those who are acquainted with the distinctive char- 
acteristics of modem civilization, and who realize the fkct that it 
mainly rests on the development of a knowledge of the laws of nature 
and the application of these laws to the uses of life. Science not only 
gives man control over the physical elements, and thus tends to eman- 
cipate him from the curse of brute labor, but also serves to widen the 
domain of his intellectual activities and enlarge the sphere of his moral 
sympathies. By an attentive perusal of the following report, I think it 
will be admitted by all who are competent to form a proper opinion on 
the subject, that what I have claimed for the Institution is not too 
much, and that any departure from the general policy which has been 
constantly pursued from the beginning, would be attended with unfortu- 
nate consequences. 

Finances. — At the last session of the Board it was resolved that a 
memorial be presented to Congress, setting forth the large expendi- 
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ture to which the iDstitiition had been aobjected by reason of the ac- 
commodation and maintenance of the National Mnseum, and asking 
that the usual appropriation of t4,000 that had been made on tliis 
account be increased totlO,000; also, that $25,000 be appropriated 
toward Bt ting up the large room in tbe second story of the main build- 
ing, for the better exhibition of the goverument collections. In accord- 
ance with this resolution a petition was prepared, signed by tbe Olian- 
cellor and Secretary of the Institution, and presented to the House of 
Bepresentativea by General Oarfleld, one of the Regents. " It was re- 
ferred to the Committee on Appropriations, and although foraibly ad- 
vocated by the members of the Board belongiug to tbe House, it was not 
granted, and only the usual sum was appropriated. The same memo- 
rial has, through the Secretary of the Interior, again been presented to 
Congress. Tbe reasonableness of tliis petition must be manifest when 
it is considered that $4,000 is tlie sum which tbe maintenance of the 
museum cost the government when it was in charge of the Patent Office, 
and that since its removal to the Institution it has increased to three 
times its original size, while tbe money has depreciated to one-half its 
former value. From an accurate analysis of the accounts it appears 
that the items directly chargeable to the museum during the past jear 
amount to $15,000. This sum is exclusive of the iuterest on $144,000, 
which has been expended since the fire in the restoration of the build- 
ing, principally for the accommodations for the museum. Owing to the 
fall in tbe premium ou gold, and the non-payment of interest by the 
State of Virginia on bonds held by the Institution, tbe income during 
the past year has been less than tbe estimate by upward of $2,400. It 
has, therefore, been necessary to diminish expenditures in certain direc- 
tions, in order to carry out the plan of accumulating a sufficient surplus 
in tbe treasury at tbe beginning of the year to defray, in cash, as gir as 
possible, all the current expenses. From the report of the Executive 
Committee it will be seen that this plan has been rigorously carried out j 
that tbe balance on baud at the beginning of ISTO was nearly $21,000, 
with outstanding bills of $3,000, which is about tbe amountof indebted- 
ness at the commencement of last year. The finances of the Institution 
may, therefore, be exhitnted as follows : 
The whole l>e<)uest of SmithsoD in the United States Treas- 
ury $541,379 C3 

Additions from savings, &e., also in the United States 

Treasurj- 108, 020 37 

Virginia State stock, ($72,760,) valued at 42, 200 80 

Cash on hand ^ 20,'JGO Go 

Total : 713, 170 45 

Deduct bills due, (about) 2, !Hi9 «5 

Which leaves, as the present capital 710, 200 80 
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The income from tlie Smithson fund during the year 1869, iiicluuiDg 
the premium on gold, was $49,515. 

Ill a late report from the Treasury Department, giving a list of tlve 
appropriations of Congress for the District of Columhia, a Uirge amonnt 
is put down to the Smithsonian Institntion. This statement, withont 
explanation, wonid gire an erroneona impression. From the organisa- 
tion of the Institution to the present time it cannot properly be said 
that the government has appropriated a single dollar from the public 
treasury for the Institution. The pi incipat " appropriations" mentioned 
in the report in question were not fix>m the public money, but from the 
Smithson fund deposited in the Treasury of the United States. The only 
appropriation from the national treasury which might apiiear to be for 
the benefit of the Institution, is that of $4,000, annually matle for the 
care and exhibition of the Government Museum, and, also, at one tiine 
110,000, and at another $4,000, to erect cases for the better preservation 
of the specimens; and even in these instances, as has been shown, the 
Institution was far from being reimbursed for the actual expenditure on 
the care of the n 



Cooperation with Government Departments. — It has always' 
been a proinment feature in the policy of the Institution to act in unison 
with other institutions, and especially to cooperate with the several 
departments and bureaus of the general government in all cases in 
which their respective functions would admit of such cooperation. 
It is in accordance with this policy that the extensive and nipidly 
increasing library of the Institution has been incorporated with that of 
Congress, and that a similar arrangement, mentioned in the last report, 
for transferring to the Department of Agriculture the large Smithsonian 
herbarium, has been completed. It is also in accordance with this policy 
that an arrangement has been made with Surgeon General B.arnes by 
which all the crania and other of the osteological specimens of the lu- 
stitutiou have been transferred to tlie Army Medical Museum. 

These cooperations, while they relieve the Institution from the expend- 
iture of more than $10,000 annually, and thus enable it to more vigor- 
ously prosecute its researches, to publish a larger number of contribu- 
tions, and to extend its system of international exchanges, tend also to 
increase the amount of scientific material in the capital of the United 
States, as well as to facilitate its employment in the advance and diffu- 
sion of knowledge. 

This Institution and its coIlaboratx>rs have the use not only of its 
books deposited in the Capitol, but also that of those in the National 
Library, as may be seen by the terms of the deposit given in a previous 
report. Also, agreeably to the terms upon which the plants were trans- 
ferred, they are accessible to the public for practical or educational 
purposes, and to the Institution for scientific investigation. Further- 
more, a botanist approved bv the Institution has been appointed, who 
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is to have charge of the specimens and be ready at all timee to give 
botanical information that may be required by the general public or by 
the Smithsonian correspondents. Moreover, in return for the specimens 
transferred to the Medical Museum the Institution receives from the 
officers of the army all collections made iu ethnology and in special 
branches of natural history. 

Publications. — The publications of the Institution form an essential 
part of its operations and constitute the principal basis of the great sys- 
tem of Smithsonian international exchanges. As has been frequently 
stated in previous reports, they are of three classes : the Contributions 
to Knowledge, the Miscellaneous Collections, and the Annual Beports. 
The first consist of memoirs containing positive additions to science 
resting on original research, and which are, 2)riucipally, the result of 
investigations to which the Institution lias in some way rendered assist- 
ance. Tlie Miscellaneous Collections are cliietly composcil of works 
intended to facilitate the study of ethnology, natural history, and mete- 
orology. They are designed to facilitate the progress of those who en- 
gage in siiecial studies, t« which, in their leisure moments, their thoughts 
may recur, and in connection with wliich, while contributing to their 
own pleasure, they may advance the cause of science. The Annual 
Heiwrts, besides giving an account of the operations of the Institution, 
furnish, iu an appendix, matter of imjH»rtance to the meteorological 
observer and of interest to the geneml public. The Contributions and 
Miscellaneous Collections are published at the expense of the Smithsoii 
fund, while the Reports, with the exception of the illustrations, are 
printed by the government. 

The following is a list of the quarto publications that have been 
printed during the present year; 

1, On the Gray Substance of the Sledulla Oblongata and Trapezinm. 
By John Dean, M. D. 

L'. On the Orbit and Fhenomeua of a Meteoric Fire-ball, seen July 20, 
18Cy. By Professor J. H. Coffin, LL.D. 

3. On the Transatlantic Longitude. By Benjamin A. Gould. 

4. The Indians of Cape Flattery, at the Entrance of the Strait of Fuca, 
Washington Territory. By J. G. Swau. 

5. Systems of Consanguinity aud Affinity of the Human Family. By 
Lewis H. Morgan. 

ti. Oil the Gliddoii Mummy Case in the Museum of the Smithsonian 
lustitution. By Chas. Pickering. 

7. A new edition of Brewer's North American OJilogy. 

Of these Nos. I to C, together with liildreth'sand Cleveland's Meteor- 
itlogical Obser\'ations, previously described, form the ICth volume of 
Sniitlisoninn Contributions to Kuowle<lge, which will be distributed to 
the foreign correspondents of the Institution iu the next invoice, and, 
as soon as an additional number can be bound, to the public institutions 
of this country. ,-, , 

n,g,t,7l.dM,CjOOglC 



BBPOET OF THE 8ECEETARY. 17 

The following are the tities of the articles of the octavo series that have 
heeii printed during the year, or are uow in press : 

1. Land and Fresh Water Shells of Sorth America. Part I. By W. 
G. Binney and T. Bland. 

2. Photographic Portraits of North Americaa ladiaos in the Gallery 
of the Smithsonian Institution. 

3. List of Foreign Correspondents of the Smithsonian Institution. 
New and enlarged edition. 

4. Directions for Collecting, Preserving and Transporting Specimenn 
of Natural History. Prepared for the use of the Smithsonian Iiistitu- 
lion. (New edition.) 

5. Tables, Meteorological and Physical, jtrepared for the Smithsonian 
Institution. By A. Guyot, P. D., LL. D. (New edition.) 

6. Circular in Reference to the Degrees of Relationship among Differ* 
ent Nations. (New edition.) 

At the request of the Institution the preparation of the Manual of the 
Land and Fresh Water Shells of North America was undertaken by W. 
G. Binney. Tlio second and third parts of this work were pablished 
some years ago, and have been described in previous reports. The 
first part, which completes the work, was issued during the year 
1860, and forms by itself a volume of 328 pages, illustrated with many 
woodcnts. The work was at first andertaken by Mr. Binney alone, bat 
he afterward, in this part, associated with himself Mr. Thomas Bland, of 
New York. It contains a description of all the species of land shells 
known in January 1868, within the geographical limits of North Amer- 
ica, &om the extreme North to the Bio Grande and Mazatlan. It is coa- 
ndered a valuable contribution to the study of conchology and is in 
great demand among those interested in the pursuit of this branch of 
natural history. 

From the stereotype plates of these octavo works, from which impres- 
sions have been printed and separately distributed in pamphlet form, two 
additional volumes of the Miscellaneous Collections have been made up, 
and are nearly ready for distribution. 

On account of the greitt outlay for the building during the last few 
years, the appropriations for publications have been restricted; yet from 
the foregoing it will be seen that we shall be able to distribute in our 
next foreign invoice one quarto and two octavo volumes, which, with 
the Annual Report, will make four volumes of publications issued dur- 
ing 186d. 

A brief account has been given in previous reports of the contents of 
all the papers forming the 16th volume of Contributions, excepting the 
Gliddon Mummy Case, the Indians of Cape Flattery, and the Trans- 
atlantic Longitude. 

The first of these is by Dr. Charles Pickering, of Boston, one of the 
ethnologists of the United States Exploring Expedition, under Admir^ 
Wilkes. It relates to an interesting specimen of Egyptian arcluDology 
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presented, in 1842, by Mr. Gliddon, the Egyiitologist, to the national 
collection now in (;bnrgo of the Smithsonian lustitutioo, bnt at tbat tim« 
in tbe United States I'utent Office. It consists ol' it part of tbe lid of 
a mummy case procured at Sacara from an Arab. It does not bear any 
inscription by wbich its date can be determined, but it is supposed by Dr. 
PicUering to belong to a very early period, and to be among tbe oldest — 
if not the very oldest — of specimens of hieroglyphic writing known. 
The earliest writing, of ascertained dat«, was executed in tbo tbird dy- 
nasty from 3110 to 3080, B. C; but, according to Dr. Pickering, tbe 
writings on the mnmmy case in the Institution are of a style different 
from, and clearly anterior to, that executed in the third dynasty. To- 
ward tbe beginning of this era, on the autbority of Manetbo, writing 
was improved, and as all improvements of this kind bave tended in the 
direction of an increased facility, this mummy case at least seems to 
have preceded sucb a change. The lid was divided by Mr. Gliddon into 
three parts ; the first part is the one jnst described, tbo second was pre- 
sented to the Naval Lyceum of Brooklyn, tbe tbird to Mrs. Ward, of 
K"ew York. Diligent though unsuccessful inquiry bas been made for the 
missing parts, in order to have them also figured and described ; and 
now, through this report, attention is again called to the subject, with 
the hope tbat if tbe other portions of the lid are still in existence, in- 
formation of the fact may be communicated to the lustitution. The 
part of the tid above described is represented on a large plate wbich 
presents a fac-simile of the figures as to size and color. 

The second undeseribed pai>er is that on the Indians of Cape Flattery, 
which, there is no doubt, will be considered an interesting t^mtribution 
to ethnology. It was prepared, at the request of t!ie Institution, by Mr. 
James G. Swan, an agent of tbe United States jjovernment, who had 
long resided with the tribe of which he has given an account. This 
tribe occupies the extreme northwestern part of Washington Territory, 
opi)osit« Vancouver's Island, from wbich it is separated by tbe Strait of 
Fuca. The pai>er contains a full account of tbe manners and customs 
of these Indians, and a description of their implements, utensils, cloth- 
ing, modes of travel, fashion of constrncting houses, &c. It also gives 
a minute account of the festivals and ceremonies of these Indians, and 
of tbe various myths with which these are uonnected. Among other 
singular saperstitions is that of the resurrection, as it were, of the flesh 
of the body but not of the bones, which are left in the graves; that 
the spirit world is in the center of the earth, where the inhabitants are 
somewhat incommoded by tbo want of the osseous part of their bodies. 
The memoir is illustrated by a large number of woodcuts, most of them 
copied from siiecimens now in the musenm of the Institution. In tbe 
absence of the author of the work it was etlited I)y George Gibbs, esq., 
who bas added occasional notes, and also a vocabulary of the Makah 
tribe, furnished by Mr. Swan. 

The third memoir to be described is the report of Dr> B. A«Goold on 
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tbe Transatiantic Longitade. Tlie principal results of this investigatioD 
were commuaicated by Dr. Goald to the meeting of tUe National 
Academy of Sciences, during its session in 1867, and tbe rei>ort in full 
was presented to the Institution for pablication, with the consent of the 
8iiperiiit«ndeut of the Coast Survey, Professor Peirce, in February 
18C9. It relates to the determination of the difference of longitude 
between England and America, by means of the electro-magnetic tele- 
graph. This method was first practically applied in the Coast Survey 
of the United States, between places in this country, and received its 
full development in this great national work before it began to be us^ 
elsewhere. Previous to the introduction of this method, three others 
had been employed on the Survey. First, that of observations of tbe 
time of the culmination of the moon at the two places between which 
tbe difference of longitude, or, in other words, of time, was to he deter- 
mined; second, that of observing the times of beginning and ending of 
eclipses of the sun and of eccultations of known stars by the passage 
over them of the moon ; and third, that of transporting a large number 
of chronometers between England and America a number of times in 
BQCcessiou aud obtaining the average difference of time as indicated hy 
the n'hole series. Tbe determinations of the transatlantic longitude 
which have been obtained by these methods have been generally re- 
ferred to the Capitol at Washington and the Observatory at Greenwich, 
England, as standard points. From the several methods just men- 
tioned, and also from that of the electro-magnetic telegraph, the fol- 
lowing results have been obtained : 
From eclipses and occultations the difference in time 
between the dome of the Capitol and the Greenwich 

Observatory is 5^ 8" 14».86 

From moon culminations the difference is 0" 8" 10".12 

From the ti-ansportation of chronometers the difference 

is 5'' 8= 12".30 

From the transmission of electricity through the cable, 
and the use of the electro-magnetic telegraph, the dif- 
ference was found to be 5" S* 12«.45 

By the last method the difference of time between tbe ends of the 
cable was probably determined within the fraction of a second, but as 
the signals could not be sent directly between Greenwich and Washing- 
ton, a somewhat gre.iter departure from the actual difference must be 
allowed. This difference is, however, very small, not exceeding, per- 
haps, a single second. 

The process of ascertaining the difference of time, or in other words, 
the difference of longitude of two points, by means of the telegraph, 
consists in transmitting a series of signals either way through the con- 
ductor, and in observing the exact time of the api>earance of the signal 
at one station, while its time of starting is registered at the other. If 
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the trBDBmissioD of the signal were instantaneous, the difference of time 
observed would be the exact difference of longitude; but if any time 
elapses between the making of the signal at oue atution and its appear- 
ance at the other, the diffei-ence of time will be greater than the true 
time when the signal is sent eastward, and less than it when sent west- 
ward. If the velocity of transmission be the same in both directions, 
the true difference of longitude will be obtained by taking the mean of 
two sets of differences, the one giving the longitude as much too great 
as the other gives it too small. 

From experiments on the velocity of transmission of electrical im- 
pulses through long conductors, it is probable that the first part, as it 
were, of the electrical wave reaches the distant station in an inappre- 
ciable moment of time, but that in order to overcome the inertia, and 
give perceptible motion to the signal apparatus, an accumulation of 
power is required. The time necessary to this accumulation will 
depend on the weight, and other causes of resistance in the apparatus, 
and also on the intensity of the electrical current; hence, the two instru- 
ments ought to have precisely the same degree of sensitiveness, and the 
battery dnring the continuance of the experiment should retain the same 
electro-motive power. 

The method of telegraphing, employed with tbe cable, is that devised 
by Sir William Thomson, of Glasgow, and is founded on the applica- 
tion of the principle of reflection first applied to instruments of pre- 
cision by our countryman, Joseph Saxtou, of the Coast Survey. It 
consists of a mirror of about half an inch in diameter, to the back of 
which is attached a small magnetic needle, the joint weight of the two 
being less than one grain, which is suspended, by a single fiber &x>m 
the cocoon, in the center of a coil of many spires of fine wii-e, forming 
jmrt of the galvanic circuit. Upon this mirror is thrown a beam of 
light through a slit in front of a bright kerosene lamp, and the deflec- 
tions of the needle are noted by the movements of the reflected beam 
received upon a slip of white paper. The exquisite delicacy of this gal- 
vanometer, as well as the conducting power of the telegraphic cable, 
may be appreciated from the result of an experiment in which signals 
were sent from Ireland to Newfoundland, a distance of 2,lfi0 miles, by 
means of a batt«ry composed of an ordinary percussion gun cap, in 
which was inserted a morsel of zinc and a drop of acidulated water. 

For determining the time in these observations, a small transit instra- 
meut, a chronograph, and an astronomical clock were required at each 
station, for the accommodation of which a temporary observatory was 
erected. The observations on the American side were in charge of Mr. 
G. W.'Dean, with the assistance of Mr. E. Goodfellow, while those on 
the coast of Ireland, aa well as the general direction of the enterprise, 
were luider the charge of Dr. Gould, assisted by Mr. A. T. Mosman. 
The uce of the cable was freely granted by the Angto-Arnorican Com- 
pany, and Dr. Gould received from the astronomer royal, Dr. Airy, and 
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Uie elecCricians of the company, all the facilities and aesistance neces- 
aar>' to the uadertaliing. The report contains a series of investigations 
relative to the time of tntusmission of signals, and other points, which 
3an only be properly understood by a study of the work itself. 

The Aunnal Report for the year 1868 was printed, as usual, by order 
of Congress, and the extra number of ten thousand copies onlered. I 
would again urge upoa Congress the propriety of increasing the num- 
ber of copies, since the demand has become so great th.it it is impossi- 
ble, with the number above meutioned, to meet the applications for them 
, of the correspondents of the Institution or of the constituents of the 
members of Congress themselves. 

In addition to the report of the Secretary giving an account Of the 
operations, expenditures, and condition of the Institution for tlie year, 
and the proceedings of the Board of Regents, it contains the following 
articles : List of Smithsonian meteorological stations and observers in 
^orth America and adjacent islands, from 1849 up to the end of 1808 ; 
Memoirs of Covier, and history of his works, of Oersted, Scbonbein, 
Encke, and Hodgkinson ; Articles on recent progress in relation to the 
theory of heat; Principles of the mechanical theory of heat ; Continu- 
ons vibratory movement of all matter; Radiation; Synthetic experi- 
ments relative to meteorites; Catalogue of meteorites in Tale College; 
The electric resonance of mountains; Experiments on aneroid barome* 
ters ; Anniversary address of the president of the Royal Society of 
Victoria; Report of the transactions of the Society of Physics and 
Satnral History of Geneva, and of the Anthropological Society of Paris ; 
An original communication on drilling in stone without metal, and on a 
deposit of agricultui-al flint implements in Southern Illinois, by Charles 
Ran; ITotice of the Blackmore Museum, England; Programmes of 
several foreign societies ; An account of the assay of coins at the Ujiited 
States Mint ; Table of foreign coins ; and a complete list of the publi- 
cations of the Smithsonian Institntion. 

InTBRNATiONAL EXCHANGES. — The two objects of the bequest of 
Smithson, as briefly, though clearly, expressed in his will by the terms 
"increase" and "diffusion" of knowledge, are both fully provided for in 
the plan of organization. The increase of knowledge is principally effect- 
ed by the researches that are instituted at the expense of the Smithson 
fund in the various branches of science, and the diffusion of knowledge 
l>y the publication of the results of these researches and their distribution 
to all the principal libraries of the world, and still more generally by 
the great system of international exchange which has been established. 
The effect of this system, in its present enlarged dimensions, iu the way 
of facilitating direct correspoudence between the scientific men of the 
Old and New World, can scarcely be overestimated. 

During the year that has just closed, 1,7^ packages, containing many 
tbouBaud did'ereut articles, have been transmitted to 1,569 parties iu 
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foreifi^ conntries. These packages ivere contained iu 112 boxes, faaviu;^ 
a cabic:il content iu tlie aggregate of 1,033 feet, and weighing 23,316 
pounds. The packages were not only from institutions within the hinits 
of the United States, but also from those in Cnuada, Central and South 
America, The parcels received at tlie Institution for parties in this 
country iiuiolwred 2,600, about one-third more than were received during 
the preceding year. The se{»arate volumes, parts of volumes, and pam- 
phlets contaiued iu these parcels would amount to many times the num- 
ber just given, those for the Institution alone amounting, as will be sub- 
sequently stated, to 5,555. When it is considered that these works are 
the published original records of the discoveries of the day iu the various 
branches of scieuce; that they mark the progress of man in a higher 
civilization, and that the system of exchange teutls to unite iu one effort, 
as it were, the labors of those who are endeavoring to enlarge the bounds 
of knowledge, it is impossible to concei^'e of a system more efficient or 
better calculated for realizing one of the conceptions of Smithson, that 
of diffusing knowledge among men. 

The exchanges thus far have principally been confiued to books, 
although large uumbersof specimens have been sent abroad on the part of 
the Institution. Full returns have not yet been asked for these, but one 
of the conditions on which the specimens are given is that whenever the 
government shall see fit to make provision for the full support of a 
national museum, then specimens will be required in return. It is 
proper to state, however, that in all cases in which the Institution has 
signided its desire to obtain specimens for special investigations, or 
for the illustration of a particular subject, such as geology and anthro- 
pology, liberal responses have been made. 

The Smithson packages, with the single exception of those for Italy, 
are passed through all the custom-houses of the world free of duty nud 
without examination ; and this exception will, we think, be removed as 
soon as the negotiations now in progress are completed. Efficient aid 
during 1809, as in previous years, has been rendered the Institution in 
the transportatiou of its packages to and from the Uuited States, free 
of charge, by the following companies, viz: The Pacific Mail Steamship 
Oompany, K^orth German Lloyd, Uamburg American Steamsliip Com- 
pany, General Transatlantic Steamship Company, Pacific Steam Navi- 
gation Company, Inman Steamship Company, Cnuard Steamship Com- 
pany, California and Mexico Steamship Company, Panama Railroad 
Company, Mexican Steamship Company, Union Pacific Bailroad, Uuited 
States and Brazil Steamship Company, North German Lloyd, (Balti- 
more line,) and the Atlantic Mail Steamship Company. It gives me 
much pleasure to make this public statement in regard to an act which 
deserves commendation, not oidy on account of the liberal spirit which 
it manifests, but also on that of the eulightened appreciation which it 
evinces of the objects of the Institution. Notwithstanding the aid 
which has been thus liberally extended, the cost of the exchanges now 
amounts to about $5,000 ner annum, L lOO'jIc 
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The following are the centers to which the SmitbsoD iuvoicea are 
consigned : Leipsic, care of Dr. Felix Fliigel ; London, care of William 
Wesley; Paris, care of GustaveBossange; Amsterdam, care of Frederic 
Miiller; Milaa, care of L. dell' Acqna; Obristiana, care of Professor 
Hoist, of the UDiversity. The packages for Asia, Africa, and Oceaiiica 
are principally sent through London or the American Missionary Socie- 
ties. The invoices to South America are forwarded, through the gra- 
tuitoas serrices of Mr. Hillier, of the New York custom-bouse, by 
regular trading vessels from that city. 

In 1867 a pro|>osition was made to the Institution by the Librarian of 
Congress relative to establishing and conducting a system of exchange 
of official documents between the government of the United States and 
that of other nations. In accordance with this, a circular was addressed 
to the different governments having relations with the United States 
fer the purpose of ascertaining their views as to such an exchange. In 
every case the proposition was regarded with favor, and at the ensuing 
session of Congress an act was passed directing that fifty full sets of all 
documents published at the Government Printing OfKce shoidd be set, 
apart for the purpose in question, and appropriating a sufficient sum to 
defray the necessary expenses. Unfortunately, however, Congress 
neglected to direct the Public Printer to strike off the copies requisite 
for this purpose, in addition to the regular number previously required 
for the use of the government, and it was not until recently that the 
necessnrj' legislation was procured to remedy this omission. As soon 
as the printing and binding of the documents of the last session of 
Cougress are completed the proposed exchange wilt be initiated. In 
anticipation of the receipt of the annnal supply of the documents of 
our govenunent, several large packages containing documents of foreigu 
countries have been already received. 

On account of the large additions that have been made of late years 
to the number of societies and other parties in correspondence with the 
Institution, a new and revised edition of the list of the former became 
necessarj', and this was prepared during the last year. lu order to 
insure accuracy in the titles and localities of the various establish- 
ments, proof slips of the li.st were sent to the leading foreign societies 
through our agents, and also to the diplomatic representatives in this 
country. In all cases prompt attention was given to our request, and 
many important corrections and suggestions were received. This list, 
which now numbers 1,587 literary and scientific establishments, is not 
only essential to the Institution in addressing its foreign packages, but 
also, for a similar purpose, to the libraries and societies in different ])art8 
of the United States, Canada, and South America. 

Library. — The works, which have been received from all parts of the 
world in exchange for the publications of the Institution, after being 
recorded are transferred to the National Library, agreeably to the 
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nrangements described in former reiwrts. The following is a general 
statement of the number of books, maps, and charts received through 
exchange during 18C9 : 
Volumes : 

Octavo 946 

Quarto ■. 245 

Folio ■ 43 

1,234 

Farts of volumes and t>ami>tilet8 : 

Octavo 3, 238 

Quarto 709 

Folio 142 

4,089 

Maps and cliarts 232 

Total 5, SSa 

Of the larger donations received during the year in question are the 
following : 

From Iceland Foundation Library, Beikiavik, 44 volumes and 12 
pamphlets. 

Swedish Academy of Sciences, Stockholm, f>6 volumes and 5 pam- 
phlets. 

From the Emperor of Austria, 8 volumes and 9 charts. 

Public Library, Stuttgart-, 118 volumes. 

University, Greifswalde, 114 pamphlets. Inaugural Dissertations. 

From the Institut de France, 31 volumes. 

Minist^re de la Marine 'et des Colonies, Paris, C volumes and 40 pam- 
phlets. 

Commission ImixSriale de I'Exposition Uuiverselle de 18C7, Bapports 
dn Jury International, volumes i-xiii. 

Society de Statistique, Paris, 13 volumes and 28 pamphlets. 

Acndfimie de Montpellier, Focnlt^ de M^decine, 22 volumes, Thi-ses. 

From the Society of Engineers, London, 8 volumes, Transactions. 

British Museum, 9 volumes and 8 pamphlets. 

EoyalArchjeologicallnstituteofGieatBritain and Ireland, 20 volumes, 
Journal. 

From the Bombay Government, 15 volumes. Selections fi-om the 
Reconla of the Bombay Government. 

National University, Athens, Greece, 37 volumes and 132 pamphlets. 

Legislative Assembly of Canada, 17 volumes. 

State of Sliunesota, G volumes, Plate, Documents. 

C. 51. Hovey, editor Boston Magazine of Horticnlture, Botany, &c,, 
35 volumes. 

The Smithson books have been well eared for by Mr. Spofford, the 
eCBcient Librarian of Congress. Se\eral thousand have beca .bound, 
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and a large number are now in the bands of the binder, eacli volume 
being marked on the back with a atamp indicating that it is a Smith&on 
deposit. 

In the arrangement of the National Library the publications of learned 
societies, of which the Suiitfason books principally consist, form one 
chapter of the general collection, which occupies the greater portion of 
the south wing of the western pi-ojection of the Capitol. It is desired 
by the Institution, as well as by the National Library, that this collec- 
tion should be as complete as possible in the publications of all learned 
societies which have existed from their first establishment iu Italy, about 
the middle of the sixteenth centurj', until the present time. Through 
the kindness of the older societies of Europe a larger collection of their 
publications has been made by this Institution than was ever before 
formed in this country, or, with few exceptions, in any of the cities of 
■the Old World. Still, there are many series wanting, and several of 
those now in our possession are defective ; exertions will therefore be 
made, through our correspondents, to supply deficiencies. The value of 
the scientific collections as well as of the general library will bo much 
enhanced by the catalogue of hooks, and particularly that of subjects now 
in progress, and which, as we are informed, will be completed during the , 
present year. The third volume of the index of scientific pa]iers, pre- 
pared by the Royal Society of London, has been printetl and will soon 
be distributed. The completion of this great work will have an import- 
ant induenco on the use of the National Librarj', to which it will be 
especially applicable. 

The national library-has increased so rapidly during the past three years, 
that the three-fold space allotted to it in the Capitol is now insufficient for 
its accommo<lation. Further room, as we learn, has been asked for, 
and we would suggest that this might be best secured by the erection 
of a separate building, in whose plan of construction should he incor- 
porated all the latest improvements for the use and i)rot«<!tion of books. 
But whatever may be done in this way, greater facilities than now 
exist tor the consultation of the library should be afforded, by making 
it accessible in the evenings to those who are precluded from the use of 
its collections by their official occupation during the hours at which it 
is now open. 

Gax-lery of Aet. — It was stated in the last report that Mr. W. W. 
Corcoran, with an enlightened liberality only commensurate with his 
means, had resolved to found in Washington an institution exclusively 
devoted toart. TMsdesigii,which would long sineehaveheen carried into 
execution, was interrupted by the war, the building erected for the pur- 
pose havingheen applied to theusesof the government; but wearc gratified 
in being able t« stiite that the possession of it has been restored to Mr. 
Corcoran, and that he has placed it in charge of trustees, who are to fill 
vacancies iu their hoard and direct all the affairs of the flStabliahnieDt. 

C.ooqTc 
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TLe gallery will probably be open for exhibition to the public and to 
students in art during the present year. Tiie establishment of this col- 
lection, as we have said in a previous report, mil obviate the neces- 
sity of expending any of the funds of the Institution in snppoi'ting a 
national gallery, and I would suggest that the same policy which has 
directed the tnuiafer of the library, the herbarium, and osteological 
specimens to the National Library, the Agricultural Department, and 
the Medical Museum, be also extended to tlie Corcoran Gallery. The 
' Institution has a number of pictures and a large collection of plaster 
busts, which are scarcely iu place in the midst of specimeua of natural 
history, but which would produce abettereflectin connection with other 
works of art of a similar character. There need be no danger as to 
iuipoverishing the lustitution by this liberal policy, since it ia in reality 
but another metiiod of increasing its usefulness. 

The sjwing which is made by transferring the keeping of the library 
and botanical collections can scarcely be estimated at less than $13,000 
per annum, a sum which adds to the efficiency of the Institution in the 
way of increasing, by the exchange of its products, the collections of 
objects of nature and art in the national capital, besides adding to the 
intellectual wealth of the whole country, 

MUfiEUM. — During the past year the space occupied by the museum 
has been enlarged by appropriating to it the portion of the building 
known as the western connecting range, which consists of a room Gl 
feet long by 38 feet wide. On either side of this room has been erected 
a row of (seven) upright cases, and in the middle a series of tables ex- 
tending the whole length of the apartment. Tlie upright cases ou the 
south side have been entirely filled with ethnological specimens from 
China and Japan, comprising the presents from the governments of these 
countries to the President of the United States. In the cases on the 
north si<le is arranged a large au<l valuable collection of the dresses of 
the Indians of the northwest coast and of the Esquimaux of Kortb 
America. The table cases are also filled with ethnolf^ical specimens, 
among which are many exhibiting the rarer specimens of Indian work- 
manship, and also those of prehistoric times, from the explored caverns 
of France, presented by Professor Lartet. 

During the year 1869, 390 packages, containing many new specimens 
and thousands of duplicates, have been received at the Institution, and 
of these, as far as time would permit, a single choice series has beeu 
selected for the museum ; the remainder are placed aside to be classified 
and made up into labeled sets for distribution. In pursuing this policy, 
to which the Institution is bound by its office of curator of the govern- 
ment collections, it is imi>ossib]e to restrict the increase of the museum, 
aud now, notwithstanding the great number of specimens that have 
been given away, nearly the whole of the available space iu the building 
is filled to overflowing. An appropriation for finishing the large hull in 
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the second story is, therefore, very desirable, but as this room is wanted 
for the accommodation of tlie l^ational Musenm, and not for the uses of 
tlie iDStitatioii, it would be highly improper to fioisli it by a further en- 
croachment upon the capital of the Smitbson fund. 

We have mentioned in a previous report that the architecture of the 
large room, in which the specimens are at present exhibited, is not well 
adapted to an advantageous display of many of the articles, since a 
considerable portion of the space is occupied by two rows of colossal 
columns, between which and the walls the cases, forming alcoves, are 
placed. The ceiling, however, of the hall in the second story is to be 
attached to the long, irou girders which span the space from wall to 
wall, and it will not^ therefore, require the iutroductiou of columns. It 
is hoped that in the finishing of this room the primary object of its use 
will be kept in view, namely, the exhibition of specimens. There is 
pleasure in perfect adaptation as well as in sestliettcal effect ; the two, 
however, are not incompatible, and a proper conception of the true 
spirit of architecture will never sacrifice the former to obtain the latter. 

Since the date of the last report the museum has been Increased by 
siwcimens iu every branch of natural history and ethnology, especially 
in those of oruithology and tlie products of the explorations of mounds. 
An unusnal amount of labor has also been expended on the specimens 
during the same period. The large number of birds iu the drawers, as 
well as those ou exhibition, have been re-poisoned to prevent the attack 
of iusects, while those in the cases have beeu furnished with new stands, 
and their plumage brightened by washiug them with benzine. The cases 
themselves have been repaired and paint#d. The mounting of the 
archaeological collections ou boards, and the repairing of the articles of 
pottery, have been continued, and are now nearly completed. The speci- 
mens of quadrupeds belonging to the older collections of the govern- 
ment present rather an unsightly appearance, through iiyury by insects 
before they were brought from the Patent OfiBce, and because they were 
not well prepared. Many of them, however, are very rare, and should 
be kept until better specimens can be obtained. 

No small amount of labor is required, in a large museum, to keep up 
a descriptix c catalogue of the various articles it receives, atid to this 
work alone the entire time of a clerk might properly be devot«d. The 
whole numlier of entries in the catalogue of the National Museum is 
now 158,002 ; and of these 16,203 were made during the last year, while 
of the specimens of the general collection of which no types have l>cen 
selected for exhibition many thousands of entries yet remain to be in- 
serted. 

By the cooperation previously alluded to in this report, the Army 
Medical Museum, the Museum of the Agricultural Department, and the 
National Museum arc rendered supplementary to ea«h other, each col- 
lecting and preserving articles that are not contained in the others. 
The Commissioner of Agriculture, General Capron, has shown lauch 
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zeal and good faith in carrj'ing out the conditions previously mentioned, 
on which the transfer of the plants was made, l>y fitting up a apficioits 
room with cases which contain 600 separate compartments for the recep- 
tion of as many different families of plants, and by appointing a bot- 
anist fully approved by the Institution. Dr. Parry, the botanist iu 
question, was a pupil of Dr. Torrey, and for the last twenty years has 
been engaged in various government explorations, mostly iu the western 
part of the United States. He was warmly recommeudcd by the first 
botanists of tlie country, and, I doubt not, will discbarge the duties of 
his office to the satisfaction of all interested in the advancement of thia 
branch of natural historj-. He has begun to arrange the plants in sys- 
tematic order for immediate reference, and finds the number of species 
to be about 15,000, included in 25,000 specimens. The additions that 
have been made to the collection during the past year, embracing those 
' which have beeu supplied by the Institution and the Department itself, 
according to Dr. Parry number 8,000 specimens, including 3,000 species. 
Besides the specimens of dried plants transferred to the Agricultural 
Department, a large and interesting collection of woods, from Mexico 
and South America, has been added to the deposit. 

Lectures. — Previous to the fire which destroyed the upper portion of 
the main building, in 1865, courses of free lectures were given by the 
Institution to the visitors and citizens of Washington. These at first, 
or as long as the novelty continued, were well attended, but in time, 
owing, in part, to the difficulty of access, in the winter season, to the 
building, and the absorption of the public mind by the events of the 
war, tlie interest diminished, while the management of the system be- 
came much more difficult, inasmuch as it was impossible to prevent the 
introduction of political subjects. The call, however, on the part of the 
citizens for lectures has lately been renewed. But it must be evident, 
on a little reflection and from past experience, that the original plan 
cannot again be adopted without great inconvenience and an a\|>cnse 
not commensurate with the value of the results produced. In older, 
however, to assist in the establishing in this city, during the present 
winter, of a course of lectures on scientific subjects, and at a low price 
of admission, it has been thought advisable to grant a moderate ap- 
propriation to the Young Men's Christian Association, to enable it to 
secure the services of distinguished popular lecturers. The building 
which has been erected by this society not only serves asan ornament to the 
city, but supplies a want long felt in affording a spacious hall for lec- 
tures, conventions, &c. The lectures to which the Institution coa 
tributed were of a scientific character, requiring exiicusive illustration, 
and, therefore, though they were well attended, they could not have 
beeu given at the low price charged for admission, had not aid beeu 
afforded. 
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EXPLOBATIONS AKD COLLECTIONH IN NATURAL HlSTORT.— In this rc- 
liort, as in other of the Smithsonian reports, » diBtinction is made between 
the col lections of the Institution and those of the National Museum under 
itscharge. Theformer consists of the large nnmberof specimens {in some 
instances including hundreds of duplicates of rare as well its of more com- 
mon species) which have been collected under the auspices of the Institn- 
tioa or through its special agency. These are studied and classified by 
experts for the formation of monographsand the determination of species 
and their geographical distribution; or,as is tlie case in ethnological speci- 
mens, are compared for the purpose of tracing anthropological peculiari- 
ties ; and, Anally, made up into properly labeled sets for distribution to 
museums in this country and abroad. The organization of explorations 
and the collection of specimens would be important parts of the oper- 
ations of the Institution were it entirely disconnected from the National 
Museum. Natural history and ethnology are interesting branches of 
knowledge, and justly merit a portion of the Smithson patronage; but 
tbe National Museum has no just claim on the Institution other than for 
a perfect series of all the duplicates collected ; and it is too much to ask, 
in addition to this, that the Smithson fund should continue to proride 
it with house-room, and, in a large degree, with attendance. The dis- 
tinction we have made is an obvious one, though it may be difficult, in 
some instances, to draw a line between the specimens in the museum and 
those of the Smithsonian collections. 

Explorations and collections in Natural History have been con- 
tinned, as in previous years, by the Institution alone, or in connection 
with other establishments. In giving an account of what has been done 
under this bead, the geographical order adopted in other of the Smith- ' 
sonian reports will be followed. 

SToTthwett Coast of America. — Mr. McFarlane and Mr. McDougal still 
continue to collect specimens of the natural products of the Mackenzie 
River district. Mr. Ferdinand Biscboff has kept np his researches in 
Alaska, first at Kodiak, then at Kenai. M^or General George H. 
Thomas, of the United States Army, has rendered especial service in 
collecting in tbe same region specimens of coal and of zoology. The 
remainder of the natural history collections of Mr. Dall, referred to 
in the last report, has been received and found of much interest as an 
illustration of the natural productions of our new possessions in the 
Northwest. His collections in ethnology will be mentioned further on. 
Captain C. M. Scammon has continued his explorations, and has pre- 
sented interesting collections from Alaska and Puget Sound, in addition 
to several commtinications relative to the natural history and habits of 
the seals of the a<^acent coast. Dr. Minor has also continued his valu- 
able coDtributioDS ftom the same region. 

Wettem United States. — The geological survey of the fortieth parallel, 
under Mr. Clarence King, referred to in the last report, has been con- 
tinued during this year, and the collections made iu zoSlogy, botAny, 
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jninemlogy, and geology, have been deposited in the Institution. Tbey 
are now in process of examination, and an account of tlicm will be given 
in the valuable report of Mr. King, which Congress has ordered to be 
printed. At the last session of Congress an appropriation of 810,000 
was made for the continuaoc« of the geological surveys of Dn F. V. 
Hayden. He was instructed by the Department of the Interior, nnder 
whose direction the money was to be esjwnded, to examine esi>ecially 
the geology, mineralogy, and agricultural resources of the Territories oi 
Colorado and New Mexico. The exploration begau at Cheyenne, Wy- 
oming Territory, and waa continued through Denver, the silver and 
gold mining regions of Georgetown and Central City, the Middle Park, 
Colorado City, and Fort Union to Santa F6, returning to Denver by way 
of the San Luis Valley and South Park. In the language of the Secre- 
tary of the Interior, " this exploration, though brief and rapid, was emi- 
nently successful, and the collect ions in geology, mineralogj', botany, and 
zoology were extensive." These collections have been deposited in the 
Institution, from which they will be sent for examination to persons who 
have made special study of the branches of natural history and zoology 
to which the specimens pertain. 

Mexico and Central America. — The explorations of Colonel Grayson, 
in Northwestern Mexico, spoken of in previous reports, were continued 
in the early part of the year, and an additional series of specimens 
transmitted tothclnstitution. It is, however, with deep regret we have 
to announce that the labors of this enthusiastic and enterprising nat- 
uralist were suddeuly terminated by death, from fever contracted in au 
attempt to explore the Island of Isat>ella. By his decease the Institu- 
tion has lost a bighly-vnlned correspondent, and the cause of science a 
successful cultivator. He devoted many years of his life to the devcl- 
opmeut of the natural history and physical geography of Northwestern 
Mexico aud the adjacent islands; and It is much to be regrette<l that he 
had not lived to complete the work in which he was so much interested. 
The explorations of Professor Sumichrast, on the Isthmus of Tehuap- 
tei>ec, have been uearly completed, and the large number of well-pre- 
served si>eeimens in all branches of zoology, received at the Institution 
from this region, attest his continued enthusiasm and persevering indus- 
try. From our veteran correspondent, Dr. C. Sartorius, of Mirador, 
important collections liave been received during the ]>a8t year. 

South America. — Mr. Hudson, of Buenos Ayres, and Mr. Reeve, ot 
Ecuador, have furnished a continuation of the results of their orni- 
thological explorations in these localities, while an interesting series of 
the birds of Demerara has been contributed by Colonel Figyelraesy. 

Most of the collaborators just mentioned have furnished information 
in regard to the physical geography aud the inhabitants of the country 
from which the specimens were derived, and iu this way the Institution 
has aceumulatetl a large amount of manuscript material relative to the 
natural history, geology, aud ethnology of the different parts of North 
America, not generally known. GoOqIc 
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EXPLOEATIOKS AND COLLECTIONS IN ETHNOLOGY. — Duriug tbe past 
year the effort has been continued to increase the collectiona of ethnology 
and archaeology of tbe North Ameiican continent. It has been considered 
of special importance to prosecute this subject, since the remains Qf 
the ancient people who have inhabited this continent are everj' year be- 
coming more rare. Tbe mounds are disappearing iu the process of 
agriculture, in tbe construction of railways, or in tbe extension of cities, 
and tbeir interesting contents destroyed or scattered beyond the bojwof 
futifre recovery. A very extensive correspondence on this subject baa 
been kept up during the year with persons in every part of North 
America, soliciting information and specimens, giving directions for 
examining mounds and shell-heaps, and iu several cases making a small 
appropriation for defraying the expenses of special investigations. 

Xearly all the explorers mentioned in previous reports have contri- 
buted valuable material in this line. During his \'isit to the Bay of 
Fitndy, Professor Baird, of this Institution, made extensive explorations 
among the ancient shell-heaps and gathered some facts and siKK^Jmens 
of much importance in connection with the subject of tbe American 
Kjoekkenmoedding. In these labors he was assisted by Mr. O. A. Board- 
man, Professor H. G. Webster, Professor kelson, Mr. Elias Kinny, Mr, 
Gardner, Mr. Hallett, and also by Captain Treadway, of the United 
States revenue serrice, 
As ethnology is a branch of study which, at this time, is occupying 
■ popular attention, it may be pioper to give a more detailed account 
than usual of the additions that have been made in this line during the 
year wbicb has just closed. Tbis account is compiled from the descrip- 
tive invcntorj' made by Dr. Foreman, under tbe direction of Professor 
Baird, inarecoid bookof tbe collections. For convenience of reference 
tbe geographical divisionis adopted. 

British America, Arctic Region. — Wr. Robert McFarlane, stationed at 
Fort Anderson, one of the Hudson B;;y Company's posts in the McKen- 
zie River district, with unabate<l per.-.:!vcrance, has continued making 
collections in natural bistorj- and eth[;!)logy, and has presented to the 
Institution, with a liberality which cannot be too much commended, a 
great numl>er and variety of articles to illustrate the character of the 
people among whom be lias so long resided. Intercourse with traders and 
others has considerably modi&eil their arts of life, and they now pre- 
sent an example of a people in a state of transition from the stone to 
the iron age. Among the articles from Mr. McFarlane, which illustrate 
this change, are knives of pieces of iron hoops, sitear-heads and fish- 
hooka of the same material; pijK'-bowls of copper and of pewter, anil a 
drilling apparatus, with an ordinary bow and drills tipped with bit.<> of 
steel; boxes, of which the parts are fastened together with wooden 
nails, iron being too preeion.s to be used for tbis puriiose; other boxes, 
of which the )>art8 are joined in the more ancient fashion by atretebing 
over them, in a moist condition, a casing of leather. 
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The greater part, however, of the articles are of a primitive character, 
amoiig which, for out-door ase, are dog harness, lassos of moose-hide for 
large animals, and more slender ones, carrying rounded pieces of bone, 
nut size, to entangle the legs of geese; differeut models of the sledge 
for hauling wood and provisions; a stretcher of deer-skin; bows, with 
arrows, quivers, and cases; a long line of whalebone for fishing; a net 
of sinew, with bone fish-hooks, fishing floats, spears, throwing-sticks, 
spear-rests for the deck of the canoe; a whistle or call used in hunting ; 
snow-shoes aud models of canoes ; screens of wood to protect the eyes 
from snow blink, concave on the iuuer side, with two very narrow slits 
for looking through. Of the articles relative to indoor occupatioD are 
deer-skin boots; white and black wolverice gloves; children's garments, 
neatly made, of soft materials; capnchons, or coverings for the bend; 
tools, with which this and other work is performed, such as awls, drills, 
polishing implements, of either jasper or cameliuu, frequently of bone; 
a small leather bag of red paint, with pitch or other cementing materiaL 
There are also needles of bone, needle cases of ivorj', ponches oruameut- 
ed with beads, for containing sewing fiber. Bunches of this material, 
arranged as if for a chignon, appear to beloog to articles used by 
women. A rattle of deer or musk-ox hoofs, used in dancing, and bone 
implements for gambling, suggest the character of native amusements. 

From the same district have been received, through the Rev. W. W. 
Kirkby, a leather pouch, filled with quills of the porcupine, which are 
used to ornament moccasins, belts, and fire bags; also a fur coat made 
by the Dog Bib Indians. There are not many articles of personal 
decoration, except some labrets, thick buttons of white limcstoue, and 
bits of blue glass, cemented together, to be worn iu a slit of the comer 
of the mouth after the mauner of a sleeve button. 

Alaska. — The collections of Mr. W. H. Dall in the Aleutian Islands, 
at Xorton Sound, and in the Yukon region, mentioned iu the last report, 
have been received and are fonud to be very extensive and interesting. 
Those from the Aleutian Islands are specimens of native carving in 
walrus ivory, which exhibit considerable imitative skill iu copying the 
forms of objects iutroducetl by white traders. Among them are a table 
knife and two spoons, neatly executed. The greater part, however, of 
Mr. Dall's collection are from the various tribes of Esquimaux living on 
' the shores of Norton Sound, more particularly the articles of clothing 
made of furs and leather, prepared from the skins of the deer and other 
animals. These consist of outer and inner garments, for both sexes, and 
of boots, gloves, and mittens. It would appear from the specimens that 
the skins of the larger fishes, and also of the seal, are used for articles 
of dress, atlapting the material to the change required for winter aud 
summer. From the region of the Itiver Yukon there are suow-shoes, 
moccasins, fur dresses, straw-shoes aud boots, for riding aud dancing, 
all made and used by the Mahlemuts. The domestic implements of 
the people are exhibited in a series of spoons or dippers, made of the 
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broa<1 horns of the Bocky Mountain sheep, wooden bowls, ladles, platters, 
nips, and trays ; bags and haversiiolfB made of seal or fish skin, of all 
sizes, nniversally nseil by the Esquimanx for keeping prorisions and other 
materials; also earthenware lamps, fire bags with flint, steel, and tinder; 
tobacco pouches, pipes, and snuff-boxes. The articles made of seal-skin 
on the coast are imitated farther up the river in the skins of tlie larger 
fishes, the intercourse between the localities being difficult since the pass- 
es are held by a few trading Tudians, who act ns middle men in exchanging 
commodities and as goards to prevent access to the coast. From the 
Unaleets tbere are neatly-made housewives of fish-skin, and from the 
Pastolic Esqnimaax a small workbag woven of grass, ivorj- needle cases 
ornamented with blue beads, and a store of thread made of filaments of 
dried sinews. The weapons received are interesting illustrations of the 
character and habits of the people. The bows in this collection, used 
by the Esgnimau-K for killing large birds or fish, are of very un- 
usual weip^ht, and many ' of the arrows employed in shooting 
the wild goose are tipped with a blunt knob. The sharp arrow- 
points are the most beautifal and delicate of any wo have seen, and are 
of obsidian, green jasper, or glass. The seal and fish lines are of the 
long, flexible stems of a fucua which grows in deep water and equals- 
whalebone in tenacity and toughness. The harpoons for striking seala 
are furnished with a horn or hone termination, carrying a barbed point,, 
the whole being detachable from the shaft. From the Ekogmut there- 
are several of these, with others used in killing the whale ; also modeiir 
of canoes, oars, &c., from the Lower Ingaleeks along the Yukon and the- 
Unaleets on the coast. In the way of personal ornament there are ai 
quantity of red pamt and a yoke, or necklace, oval pieces of wood or 
stone to be inserted in a slit in the lower lip, the nose, or the ear ; fin- 
ger-rings, principally of stone, of two kinds, one of whicli is used on 
mourning and the other on ordinary occasions. 

Aleutian lalanda. — From the Aleutian Islands there are in Mr. Dall's 
collection several hideous masks of gigantic dimensions used in the 
ceremonies of the people. Dr. T. T. Mibor, surgeon United States rev- 
enue steamer W'ayanda, Captain Howard, commander, who visited 
Sitka, Kodiak, Unalaska and some points of the Aleutian group, has 
furnished collections exhibiting the dress, occupations, and habits of the 
Goloshes, Nuhcgags, and Aleutes. The scarcity of stone implements in 
this collection is worthy of notice, since bnt two specimens, a pestlo and 
axe, are all that were found, and these were regarded as very ancient. 
Among the articles are the following : Heavy corded bows for fishing, 
armed with three prongs; blunt sizars, with barbs, and fish spears 
ornamented with feathers ; lines of sea-weed or kelp, with detachat)Ie 
spear-heads; throwiug-sticks, to give a longer leverage in projecting the 
spear. Thereare also chisels formakingaperture3intheice,to which fish 
resort for air; dog sledges, canoes, paddles, reindeer skin overcoats and 
boots ; an overall perfectly waterproof, and exceedingly light, made 
3 s C.OOgIc 
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of the iDteetines of the seal, the edges being sewed or cemented, and 
the whole ornamented with tafts of bair or feathers in brilliant colors. 
Glimpses of in-door arts and employments are obtained from specimeos 
of ciu-vingB, basketH, woven articles, sewing, paintings, and implements, 
together with the ever-present pipe, of which tbere is one with a deco- 
rated stem, carved by a Coloah. The illustrations are further extended 
by wooden trays and dishes, ornamented with carved figures of animals ; 
water-tight baskets, in which im)visious are boiled by dropping red-hot 
stones into the water ; mats of simple checqner pattern ; caned 
handles of the black horn of the Bocky Mountain goat, exhibiting an 
intricate scries of ornaments, and fa8t«ned by the aid of heat and pres- 
sure to the broader horn of the moose, or of the Eocky Mountain sheep, 
to form a spoon or a ladle. Among the carvings is a remarkable series 
in walrus ivory of objects in miuiature, representing t^ble knives, sitoon^, 
candlesticks, boiling kettles, with covers, copied from objects iutrodnced 
by foreigners; also the animals of the country, such as beaver, moose, 
whales, seals; a female otter followed by her young; likewise a man 
spearing a bear; a group of men attacking a reindeer, and several other 
human figures. These miniature specimens of carvings, which arc exe- 
cuted with great neatness and fidelity, evince a minute observation of. 
nature, as well as considerable skill in art. A Golosh paluter'a kit 
belonging to this collection, contains a number of brushes very neatly 
made and of sizes suitable for fine or coarse work. Although the assort- 
ment of colors is small, being limited to red, blue, yellow, and black, yet 
the whole collection of specimens relative to art shows an advance in 
tbisline beyond anything before observed in the northern races. Among 
other articles is the dance rattle, commonly used by the coast tribes, and 
consisting of a boUow, oval, wooden box, usually in the form of a bird, 
gaily painted, containing i>e.bbles; also beail ornaments, of grotesqne 
form; headdresses, with wooden masks, having distorted features; like- 
wise ornaments of stone finely executetl, and representing birds, fiidi, and 
serpents in the form of a ring; besides numerous samplesof the same in 
wood and bone. 

From Lieutenant T. M. Bing, United States Army, stationed at Fort 
Wrangel, in Alaska, we have received an important collection of ob- 
jects, Muong which are models of the bardoska, or canoe, with paddles, 
of very neat workmanship ; the head of a fish spear, and sev^al bul- 
lets made of copper ; two fish-books of a metal resembling silvn*, 
and haUbut hooks of wood ; also two specimens illustrating the form in 
which provisions arc preserved for winter use, one of which is n spheri- 
cal ball of the fruit of Rubue chamamoms, and the other is the con>- 
pressed inner bark of a coniferous tree, wliich may serve to allay hun- 
ger by distending the stomach. A stone hammer and two pestles are 
samples of articles still in use, and an ancient barbed and notched bone 
fish spear exhibits the forms of similar implements discoveixxl in the 
prehistoric caves of Europe. A full series of carvied wooden dishes 
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and of born apoons illnstrate the table service of the natives, while 
masks, rattles of wood and of basket-work, neck and lip ornaments of 
stone, a dressed doll with a bead carved in stone, a human image, nnd a 
bird of the same material, exhibit some of the occnpations and amnse- 
ments of this primitive people. Prom Mr. E. E. Smith, of the scientific 
oorps of the Western Union Teloj^raph Company, the Institution has 
received a bow and arrows of the Smagamnt-Indiana, for shooting wild 
geese ; and ft«m Dr. A. H. HofT, United States Army, a very fine sample 
of the membranonB waterproof dresses used by the Alaskans, also a 
pair of carved chop-sticks of whalebone. The latter articles were received 
tltroagh the officers of the Army Medical Museum. • 

Washington Territory. — From this quarter we have obtained collections 
made by Dr. J. T. Ghiselin, United States Army, stationed in Washing- 
ton Territory, consisting of bow, quiver and arrows in ose among the 
Flathead Indians; also, a number of arrow-heads and a pair of mocca- 
sins, collected among the Cascade Indians; we have also a riding whip, 
wedding hat or bonnet, a berry basket, and specimens of food preserved 
for winter, consisting of the eggs of the salmon, of the size and consist- 
ence of dried peas. Dr. Whitehead, United States Army, also trans- 
mits from the same region some bones exhumed from a shell mound, 
and a metal spoon from an Indian grave. 

Idako Territory. — From among the Ncz Percys, Dr. B. Storror, United 
States Army, has collected specimens of pi-eserved food, consisting 
of the bulbs of the camas, Scilla csculenta, and the konse bread, an 
unleaveneil mass, an inch thick, of the 3eed8 of wild rice, Zezania aqua- 
ftoa, iKiunded up with water, and baked. Accompanying these arespenr- 
faeads of flint and iron, strong hair rope or lariat, a woman's saddle, 
blanket, panniers, a drum, a carved pipe stick, and a handsome pipe of 
red stone, a skull cap of woven grass, a comb, sewing awl, thread, an 
wnameuted belt worn by a woman, and a model of a cradle, affordin;; 
glimpses of domestic life. Dr. C. Wagner, United States Army, bos for- 
warded a bow, quiver, arrows, and arrow-he;ids, obtained fh>m the Snake 
Indians; and Hospital Steward E. Lyons, a basket, woven scoop, and 
bow and arrow from the same tribe. From Montana, Dr. K. B. Hitz 
has transmitted a stone pestle. 

Utah Territory. — Dr. H. E. Waters, United States Army, stationed at 
Fort Bridger, in Wyoming Territory, has collected and forwarded some of 
the implements of war and the chase used by the Shoshone, Baunock, 
Ute, and Navajo Indians, consisting of a bow and arrows, a bow case, 
qniver, tomahawk, and war club. The arrows of the Navajos are. said 
to be poisoned. From Dr. Mcacbam, United States Army, have been 
received fragments of pottery found in the same Territory. 

Oregon Temtorj.— Dr. C. MoBRit, United States Army, has presented 

a email but interesting collection from Oregon, near the vicinity of 

- Malheur Biver and the Stein Mountain. In it we find the bow, quiver, 

and arrows of the Malheur Biver Indians, a drinking cup, fire stick, pajiif 

Co Ogle 



3(> REPORT OF TH£ 8ECBBTART. 

hag, carved wooden comb, and beads; also a specimen of preserved food, 
consisting of camas root, dried and coinpresaed into a thin cake. 
These Indians are somewhat away from the beaten route, and everything 
from them is of much interest. 

California. — From monnds in Alameda County, California, examined 
by' Dr. L. G. Yates, who has frequently contributed articles of interest 
from that State, we have received many specimens of the ancient stone 
age, consisting of stone iiestles, i»ei-forator8 or awls, sinkers, a phallus, 
spindles, a soapstone ladle, stone mortar and pestle, pijie bowls, shell 
and perforated stone ornaments, an ancient awl and serrated implements 
■ of bone. The race of Indians at present occupying the country are said 
to be entirely ignorant of the art of making these objects and of their 
use- From the Pott River Indians, California, Dr. Powell, United 
States Army, has sent a bow, quiver and arrows ; and from the Pah ITtes 
of Owen's Valley, California, we have similar weapons from Dr. Th. 
McMillan, United States Army, who has likewise contribnted a war club 
of the Mohaves. 

Kerada. — Clarence King, esq., director of the United States geological 
siirvey in Nevada, presented a portion of a beautifully worked pestle of 
syenite, obtained in Lower California, 

Dakota. — ^The post sni^eons stationed at the military jKtsts on the 
Upper Missouri, chiefly within the Territory of Dakota, have shown 
mnch zeal iu collecting objects to illustrate the pursuita and customs of 
the numerons tribes occupying the country Iwrdering on this river. 
First among these, in point of interest, are the collections of Surgeon 
C. C. Gray and Dr. Matthews, United States Army, stationed for some 
time at Fort Berthold. From the Mandans they have furnished a head 
dress monnt«d with bufPalo horns, with an ornamental pendant of dressed 
buffalo hide falling behind the head ; a war shield of the Gros Ventres, 
with bow, case, quiver and arrows, in the highest style of Indian orna- 
mentation ; a bow of the Arickarees, ingeniously fasbioned of an elk 
horn; a stone hatchettrom the same, together with the scalp taken from 
a Binckfoot Indian ; also from the Yauktonnais Sioax, a hoe, made of the 
abonlder blade of an elk, accompanied by a wooden saddle and apiiend- 
agps, a pad saddle, a whip with a horn handle, pardeche meat case, 
sheath for a scalp knife, and a rake of wooden material. The Mandans 
and the Berthold Indians generally, are a^Idictcd to gambling, and 
accordingly in the collection there are dice, and a small basket to contain 
them; also the gambling implements in use among the women; and, 
finally, a wheel or roulette, the workmanship of Groa Ventres. There are 
also domestic implements of the same tribe, consisting of a basket 
for carrying provisions, a wooden desk, an earthen pot, implements of 
bone for scraping skins, with horn spoons and ladles; several medicine 
rattles, indicating the superstitions of the tribe, and a musical instru- 
ment of their invention, illustrating the innate tendency to cultivate 
the fine nits; while children's toys, inclndiug a popgun, not unlike those 
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in uKe among the whites, ahow the unity of intellect among riuses the 
most widely separated. A needle case, porcupine quilla, and bead orna- 
ments, together with a corn bag, illustrating female occupation, are 
from Hospital Steward J. E. Jones. From tlie same Territory, Dr. J. 
P. Kimball, United States Army, has contributed a large number of 
olyects, such as the bow, quiver and arrows of the Assinibojnes ; 
also of the Sioux, Mandans, and Arickarees; scalpknife, sheath, 
and scalp, of Yankton ; war club, bonnet, shirt, and leggings, drum, 
and other fighting equipments; a fleshing knife for dressing skins, a 
pemmican mallet, wooden cups, dishes, ladles, spoons, pipe and stem^, 
a peace pipe of the Blackfoot Indians, two pairs of ornamental mocca- 
sins, and 3Q oriinmeuted dance rattle. From Fort Wadsworth, Dr. A. 
J. ComfortT United States Army, has sent a bow, case, quiver and ar- 
rows; a collar made of bears' claws; an ornamented sheath for knife; 
stone hammer; stone spear and arrow-heads; several riding whips; 
the instruments used in games of ball; a perforated horn implement 
from a mound ; two red stone pipes with carved stems ; three ornamented 
pouches of beaver and other skins; a stone palm thimble for sewing 
with a large needle; a worked qnilt, a bunch of perfumed dried grass, 
scalp feathers, and a gourd dance rattle, which closes the list. From 
the Upper Sioux, Dr. James F. Boughter, at Fort Dakota, has obtained 
for the InstitntioD from the Sioux a bow, with case and arrows, leggings, 
embroidered with beads; saddle cloths handsomely ornamented, riding 
whips, war feathers, knife sheath, moccasins, ear rings, &e., the trap- 
piogs of the warrior. Dr. A. B. Campbell, United States Army, contri- 
butes from the Yanktons a handsome necklaee of the claws of the grizzly 
bear; a smokiug pipe; war club armed with knives; stone war mace; 
stone hammer or mallet; a mortar and pestle, the former made of a stout 
piece of buffalo hide gathered at the corners; with the nsual bow and 
arrows of this tribe, and three arrows of the Kaw Indians. From the 
viciuity of Fort Bandall, Dr. G. P. Hardenburgh has obtained for us 
another head dress of buffalo skin with the hair on, aqd surmounted by 
the horns, with a broad i>eDdant of skin furred and feathered to hang 
down the neck ; also a rubbing stone for dressing skins, and a horn 
spoon. 

Dr. Gardner, United States Army, has forwarded from the same Terri- 
tory a Chippewa bow, quiver and arrows, saddle, drum and sticks, a 
Si8sitonpti>e stick, medicine bag, bow, and a heavy scraper of bone, used 
in dressing skins. Dr. W. H. Forwood, United States Army, has contri- 
buted a bow, bow case, quiver and arrows of the Cbeyennes, also arrows 
from the Sioux ; Dr. H. G. Schell, United States Army, from near Fort 
Laramie, has sent a collection consisting of the bow, bow case, quiver 
and arrows of the Ogalalla band of Sioux ; Dr. C. 8. De Graw, United 
States Army, a bow and quiver of the Kiowas ; Dr. A. Muller, United 
States Army, a hickory war bow of the Yanktons and Sissitons. From 
the same tribes a battle ax and pouch has been presented by F. B. 
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Mc&iiire. Brevet Brigadier Geueral Crane lias coutributed a pair ot 
moccasiua aud apipe of the chief Little Bear; Dr. A. Muller seuds from 
Fort Bidgely arrows used by the YanbtODS, SissitoDS, and Upper and 
Lower Sioux. Mr. W. L. Toole, from tbe same Territory, has furuiBlied 
a liaodsome red stone pipe, stoae ax, cliiael, and a stone war club or 
casse-tete. 

Upper Miaaouri River. — From this region, Captain Little, United States 
Army, has 'contributed a slab of sandatone, upon which the impression of 
two human feet are rudely carved. Mr. Leopold Biddle, a stone chisel } 
and Dr. F. V. Hayden, a very perfectly preserved soapstoue vessel, frag- 
ments of pottery, arrow-heads, and other objects from the site of an an- 
cient Pawnee village. 

Nebrmhi. — From Nebraska, Dr. S. M. Horton, United States Army, has 
furnished several important aud interesting articles from theOgalalla 
baud of the Hioux. Among these are a buft'alo robe, as prepared by the 
Cbeyennes; a saddle from the Crow Indians; a Sioux war club; a 
pouch, knife and sheatb, aud a bunch of feathers, used in taking 
scalps ; specimeus of arrows of the Crows, Sioux, Clieyeunes, and other 
tribes; several pairs of moccasins, and a skin prepared for making 
others; a gun case of Sioux construction ; a riding whip; a lariat; pro- 
vision case of tanned buffalo hide ; tanned skins of the Bocky Mountain 
slieep aud of the elk, and smaller articles consisting of several stone pipes 
from the Arapahoes, a paint bag and a comb, used by the Crow In- 
dians, the latter made of tlie stiff appendages on the tail of a porcupine. 

Kansas. — From the vicinity of Walnut Creek in this State, we have 
received through Dr. G. M. Steniberg, United States Army, the burial 
case and its appendages of a male Cheyenne child about three years ot 
age. The wrappings enveloping the body, and the articles of dress, or- 
nament, (M- dfuly life which accompanied it, form the most curious and 
interesting assemblage of objects of the kind we have ever received. 
The burial case is made of long flexible withes of willow, stripped of tbe 
bark, and lashed together somewhat in basket fashion, built up from an 
oval base, five feet in the longer and three feet in the shorter diameter, 
the sides and top being arched and rounded, rising about three and a 
half feet from the base. Au opening on one side is left for the intro- 
duction of the corpse and a large number of articles of the greatest 
value to the Indians. These articles consisted of seven highly-finished 
and valuable buffalo robes ; six blankets, white, red aud blue ; a hood, 
ornamented with beads; a cape; several worsted scarfs; belts, orna- 
mented with beads and metal disks ; a leather belt, covered with metal 
buttons ; apparently all tbe child's wardrobe, as jackets, underclothes, 
stockings, moccasins, fur cap, leather gloves; together with a small tin 
dish^ beads, metal plates, ornaments of German silver, and others made of 
the shells of the haliotis, which is not found nearer than the Pacific coast. 
There were also several articles which can scarcely be recognized as the 
property of so young a child, such as spur straps, tobacco pouches, bide 
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lariats, paint bags, and an oblong piece of stoat buU hide. It is tbe 
opinion of Dr. Sternberg, that this sepulchral offering of valuable effects 
was not solely from tbe immediate relatives of the deceased, bnt that 
being the lineal descendant of a great chief, and heir to his rank in the 
tribe, many families or bands being present at the burial, contribnted of 
their wealth to aignalize their connection with tbe child's family, and tbe 
widespread sorrow at tbe loss tbey all had sustained. A full account 
of this interesting collection, with drawings of tbe articles, has been 
prepared for publication by Dr. Otis, of the Medical Museum, in the In- 
stitution Contributions to Knowledge. 

From Fort Harker, Kansas, Dr. E. B. Foyer, United States Army, has 
presented a number of the arrows used by the Kaws, Apacbes, Cbey- 
ennes and Kiowas, which are commonly pointed with iron,and have tbe 
feathered end painted with the adopted colors of the band or tribe, so 
that tliey can at once be recognized by Indian scrutiny. 

Colorado Territory and Adjoining Regions. — The collection of ethnology 
has also been enriched, tbi-ougU the Army. Medical Museum, by speci- 
mens from the tribes which occupy the plain on both sides of the Rocky 
Mountains in Colorado, Kew Mexico, and Arizona. Br. B. A. Camp- 
bell, United States Army, from the first-named Territory, has sent a 
singular neck ornament, made of turtle shell, and two fine poaches of 
mink skin for holding tobacco. From the Kiowas, Dr. W. H, Forwood, 
United States Army, has presented a whip, a pipe, and a medicine rattlej 
Dr. F. G. A. Bradfoi-d a tobacco ponch, an earthen water vessel, a Na- 
vajo necklace, a pair of Cheyenne moccasins, claws of the grizzly bear, 
and a pair of Sioux moccasins. Dr. Lippiucott, United States Army, 
from the Comancbes has presented a whip, and Dr. J. Beadles tbe bat 
of a medicine maii, and a wooden spur. From Twin Springs, near Fort 
Fetterman, Dr. C. Sutherland, United States Army, has contributed 
two fine stone lance-heads, and Dr. IT. S. Schell six Sioux arrows. Dr. 
P. Moffatt has presented a bow, neatly made and covered on the cou- 
vex side with the skin of a rattlesnake ingeuioualy cemented to the 
wood. From Mr. James Stevenson, of Dr. Uayden's corps, we have a 
very fine Arapabo saddle, padded and ornamented with beads. To 
these may be added several arrows of the Apaches and Comancbes, 
presented by F. B. McGuire, esq., of Washington City. 

In New Mexico, the Navajos are the most troublesome Indians that re- 
side within the present boundary of the United States, and in the nu- 
merous conflicts between them and our military forces many interesting 
objects have been captured. Dr. John Brooke, United States Army, has 
procured for us, from Fort Sumner, Navajo bows and arrows, a bridle bit, 
and a pair of moccasins; Dr. B. A. Clements, United States Army, a 
lot of arrows ; Dr. J. T. Weed a saddle blanket, shield, two bowS, bow- 
case, quiver and arrows, a belt, and a curiously made shield for the 
back ; Dr. McKee, United Stutes Army, a bow case, quiver and arrows, 
a rough stone implement for dressing skins, and an eartheQware jdish. 

Cookie 
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Mr. M. Kayser, of SantA F^, lias coatributed from the same tribe a 
blanket made of the wool of the native sheep. From the Wachita bat- 
tle ground, in the Indian Territory', Dr. Lippiocott, Ujiit«d States Arm;, 
has obtained for us a lot of bows, cases, qnivers, iron arrow-heads, 
metal tnbes for nose ornaments, and finger rings of German silver. 
These all belonged to the tribes engaged in the conflict, namely, the Co- 
maiiclics, Arapahoes, Wachitas, and Kiowas. 

From Arizona, the principal contributions in former years were by 
Dr. E. Palmer, acting as medical officer at the Indian agency. The ar- 
ticles presented last year, by the same explorer, were such as relate 
mostly to the domestic occupations of the Apaches — a pouch with bul- 
lets, bone for dressing skins, awls for sewing, resin for finishing hows 
and arrows, paint bag, with black and red pigments, the Ibrmer 
color being derived from the inspissated juice of the mescal plant, 
and curious necklace, woven of strips of the inner bark, complete 
the collection. From Dr. John C. McFerran, United States Army, have 
been received a hattle-ax; and from Dr. E. Cones several A])ache ar- 
row-heads. From the western part of the Territory Mr. Manning F. Force 
has sent a (syenite or porphyry) stone axe of symmetrical shape and 
beautifully polished. Mr. Heury C. Force, Irom the Gila Uiver, has 
presented fragments of pottery aud shell ornaments, and, from the Mo- 
qui Indians, a small, red, earthenware vase. Mr. H. C. Femald has 
given a small stone axe, obtained near the same locality. 

From Wisconsin, Dr. K. P. Hoy, of Hacine, well known for his re- 
searches in aboriginal ethnology, has presented an ancient earthenware 
vase, nearly entire, having a conical or sngar-loaf bottom, with frag- 
ments of another vessel. Dr. Moses Barratt, of Waukesha, has sent 
numerous stone relics, axes, chisels, arrow-heads, and a stone disk ; also 
an arrow straightener, consisting of two fiat pieces of sandstone with 
semi-cylindrical grooves, through which the shaft is drawn when the 
stones are fitted together. He has also sent fragments, apparently of 
brick, which formed part of a wall so ancient as to be attributed to 
Aztec workmanship. 
In lUinoia, the Chicago Academy of Sciences, energetically engaged 
' in promoting research in aboriginal remains, has had made electrotype 
copies of a fine specimen of copper knife, one of which has been pre- 
sented, tbrongh Mr. H. Shimer, to this lastitution ; also a similar cast of 
« copper chisel, and a cast in plaster of a remarkable terra-cotta image. 
From Mount Carmel, Illinois, Mr. Robert Bidgway has presented two 
fine stone axes, several spear and arrow heads ; and from the same place 
Mr. Granville Turner has sent a hoe of jasper, threcspear-heads of chert, 
and a lot of arrow-heads; also irom the same State, Dr. Hall has pre- 
sented a stone axe, a chisel, and a number of arrow-heads; and J. E. 
Eeudrick, of Des ftlotues, has contributed a series of specimens of 
pottery. 
From Indiana, Dr. B. M. White, United States Army, has presented 
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a carious earthenware pipe and a dress ornament; Drs. McCoy and 
Maxwell, for themselves and friends, a collection of stone hatchets, 
spear-heads, and other stone relics. The most remarkable objects, bow- 
ever, fVom this State are from near Canuelton, and consist of two stone 
macc-heads or casae-tctes, of hard fcrrngiuons quartz, )>crforated through 
their longer axes, polished and finished in a i>erfect manner. They were 
presented by Mr. iJamilton Smith, with other stone relics. ITrom Frank- 
lin County, Indiana, Dr. 11. Haywood and his friends aad neighbors have 
&vored tbe Institution with a considerable collection of stone imple- 
ments, many of flue workmanship, among which may be enumerated 
stone pestles, axes, chisels, spears, and arrow-heads, stone ornaments, 
and pottery. 

From Ohio, Mr, W. R. Limi>ert has contributeil a collection, found at 
Graveport,of well-tinisbedarticles; eonsistingof a variety of stone pestles, 
a mortar for grinding paint, a number of stone kuivea or chisels, and axes, 
a pertbrated stone disk, over one hundred arrow-beads,a stone awl, and 
other miscellaneous objects in stone. From liev. Dr. Thompson, at 
Miluersville, Ohio, we have received arrow-heads collected in his vicinity. 

From Kentucky, Mr. S. S. Lyon, whose arcbieological researches in 
1868 were of snvh interest in the mound8ofUnioDConuty,has forwarded 
additional articles, consisting of shell disks ornamented by car\'ing3, a 
fifihiug eiuker of tbe same material, perforators of stone, and small 
masses of galena worked iuto a roundeil bead-like form. 

From Tennessee, Mr. 8. L. Wilkinson, uear ClarksviUe, has sent five 
Bi>ear-i>oints, a large number of arrow-heads, a stone disk, and a mortar 
for grinding paint Dr. Curtis has also favored us with a lot of arrow- 
heads from Knox Connty. We have likewise to record the liberal 
dooatioii, by Mr. J. H. Devereux, of a very valuable series of stoue im- 
plemeuts and other objects, collected by himself, chiefly in Tennessee, 
tbongh some of the articles were obtained in other Southern States, as 
well as a fen from Ohio and Massachusetts. The i>erfect condition and 
fine finish of these articles are remarkable, and they are so numerous as 
to fill a separate case. They consist of every variety of form of axes, 
chisels, gouges, knives,' spear and arrow-beads, pipes, ornaments for tbe 
person, of stooe and of pottery articles, many of which are entirely 
anique. 

From Arkansas, Mrs. Governor Throckmorton, of Little Bock, has 
presented a pestle, grinding stone, and two paint mortars; and from the 
same State, Mr. J. M. Stanley has sent a quantity of quills of the porcu- 
pine, colored for use by the Indians in their embroidery. 

In Mississippi, Mr. T. J. B. Keenan, of Brookhaven, has shown zeal 
ID examining the natnral and ethnological curiosities of his vicinity, and 
has presented to us a largo namber of handsome arrow-heads of brown 
jasper, a canons cylinder of tbe same mineral, a stone disk, and a pair 
of ear pendants made of silver coins by an Indian boy. 

In Louisiana, opposite Vicksbnrg, l3r. E. Swift, United States Army, 
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has examined the contents of several moands and ludiaa graves, ftom 
vhich he obtained for us many interesting articles, the principal of which 
are earthenware vases in good preservation and of canons forms, ap- 
proaching that of the vessels common among the tribes of Chili and Pern, 
evidently for holding water, most of them having very narrow openings, 
and being spherical in shape ; also, stone hammers, chisels, pestl^ 
carved pipes of sandstone, a disk of quartz, bowls and caps of earthen- 
ware, &G. 

in Texas, Dr. D. H. MeElderry, stationed at Fort Griffin, has assid- 
.Qoasly collected from the tribes near bis post many objects of interest; 
among which we may enumerate three Comanche war shields painted 
and ornamented, bows, bow case, arrows, quiver, scalp knife, and sbeath, 
war dnim,tomahawk, and riding whip, all of which belong to a warrior's' 
equipment. The other articles are implemeuts for dressing skins; 
tinder bag ; dance ornaments ; two head dresses, one made of Comanche 
hair and the other of a bear's ear ; a girdle and poach made of a Coman- 
che's skin ; a square girdle and arm and head ornaments, some of silver 
plates, with toy bows and arrows, and two rag dolls decorated with 
Comanche hair. Dr. J. Middletou, of Camp Verde, has presented a 
saddle obtained from the Kickapoos, and Mr. George Kean, some bony 
plates of the Lepidosteut, or great western gar, having been nsed by the 
soathem and western Indians as arrow-heads; a ihct in accordance wifb 
a statement of William Bartram in his travels in Florida during the last 
century. 

Ih Florida, explorations have recently been made in the shell heaps 
nearTampa Bay by Dr. William Stinipson and Mr. E. C. Steams. Prom 
the former we have received a curious shell implement formed of the 
colamella of the great Fasciolaria gujantca, the use of which is nnknowu. 
From Mr. Steams, a large soapstone vessel, a stone sinker, a siiear-head 
and fragments of pottery. Mr. U. Clark, of the same place, has pre- 
sented several hammers, a fishing sinker, a nnmber of arrow-heads, and 
an earthenware vase. 

From Alabama, we have received specimens of arrow-heads, princi- 
paUy of jasper or agate, and of good finish, presented by Mr. Isaac Sice, 
of Baldwin County, and specimens of the same kind from Mr. Henry C. 
Force, collected in Northern Alabama, and also specimens of pottery and 
arrow-heads presented by Dr. Eeynolds, United States Army. 

From Georgia, at St. Simon's Island, a fhvorite station of the South- 
ern tribes, Dr. C. H. Taylor, United States Army, has forwarded a num- 
ber of stone axes and arrow-heads, and also iwttery from Brunswick 
Cotinty. 

From Virginia, Fayette County, Mr. A. G. Grinnan has presented 
a collection of stone axes, hammers, chisels, and a finely formed 
fishing sinker made of hematite, of which we have several si>ccinienB 
&om localities widely separated, the weight of the material being its 
great recommendation for this service. Mr. E.C. Meade, of Albemarle 
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County, bas giveu an Indian hatchet and a lot of arrow-heads. Major 
H. C. WilliaiDS has presented arrow-heads from Fairi'ax County ; Mr. 
Bobert Borford, an-ow-beads from Isle of Wight County ; and from Mr. 
C. li. Moore we have received a fiue lauce-head, a pipe, pipe-stem, and 
arrow-beads, fouud on the east shore of Virginia. 

From North Carolina^ Kev. M. A. Curtis, of Edgecombe County, 
has presented two stone axes, a collection of arrow -beads, and specimens 
of pottery. 

DUtrict of Columbia. — From Mrs. M. H. Schoolcraft, of the District 
of Coliunbia, to whose liberality we were previously indebted for large 
collections, we have i-eceived additional specimeus of stone hammers, a 
atone disk, and other implements. From the Agricultural Department 
we have received a very perfectly finished war mace with handle, its 
locality beinf^ nuknown. Contributions of specimens from the Dis- 
trict of Columbia, were made this year by Joseph Saxton, esq., of 
the United States Coast Survey. Thoy include very numerous examples 
of all the usual stone implements, such as axes, chisels, hatchets, gouges, 
spear-heads of very great size, tomahawks, several perforated stone im- 
plements, disks, a ve-ssel carved out of soapstone, and a great num- 
ber of arrow-beads collected on both sides of the Potomac Itiver, and 
of every variety of material accessible to the ludiaiis, mostly of quartz 
and quartzite, slab?, Jasper, &c., with a large quantity of pottery frag- 
ments. 

From Maryland, Mr. F. It. McGuire, of Howard County, has pre- 
ente<l numerous an'Ow-hea<ls ; a lot of the same collected at West 
River has been giveu by Mr. W. Q. Force. Dr. C. Sutherland, United 
States Army, bus presented a stone battle ax and arrow-heads from 
near Annapolis, and Mr. John Cameron, of Prince George's County, has 
given us a collection of over a hundred arrow-heads, neatly arranged 
for exhibition. From Charles County, we have received from Mr. 
O. 2f. Bryan, an industrious collector, many objects of this class, such as 
Btoue knives, chisels, spear-points, pestles, hatchets, awls, and a variety 
of Indian pottory. From the same viciuity, Mr. James Slagle has pre- 
sented arrow-hea^ls and a quantity of fragments of pottery. 

Pennsylvania, — Mr. J, n. Alcllvaine, an ardent inquirer into the man- 
ners and customs of the aborigiues, has presented a fine stone ax and 
a stone tomahawk from ^Northumberland County, a flanged stone ring 
or wheel ; a stone wrought into the form of a bird ; a slate chopping- 
kuife and a breastplate of shells and be^ids, with specimeus of pottery. 
From B. Smith, Upper Darby, we acknowledge the receipt of a stone 
OS and some arrow-hea<1s ; from R. Christ, at Nazareth, Pennsylvania, 
two stone chisels and an ax ; from Harry Hoover, a fliut knife and 
arrowheads, collected iu Clearfield Cjunty; and from Dr. E. Michener 
a soapstone dish, a hoe, ft number of axes, chisels, pestles, a lot of ar- 
row-beads, a tomahawk, and a polished ornament for the neck. 

From Sew Jersey, at Shrewsbury, Mr. Samuel Wilson has sent U8 a 

C.oo^lc 



44 REPOBT OF THE SECBETABY. 

Hnmberof stone axes, cltisels, and arroir-heads, a stone tomahawk, paint 
mortar, and pipe. From Tuckerton, Mrs. Lewis Blackmail has presented 
a stone hoe, a sinker, nuiueroos arrow-Iieads, and other stone imple- 
ments. To Isaac Lea, LL. D., of Philadelphia, ire are indebted for a 
very fine stone ax found in New Jersey. 

JV-ffin Sew York, Messrs. S. P. Forman and E. Howell, near Nich- 
ols, have contributed ethnological articles, consisting of stone flesh- 
ing chisels, arrow-heads, and flint knives ; and also, &om Mr. Merritt, 
near Furmingdale, we have a number of arrow-heads. From Western 
New York, Dr. F. B. Hough, a diligent cooperator and accurate observer, 
who long since began to make contributions to the Institution, has for- 
wardedfromhisextensivecollectionsanumberof interestingobjects. We 
may mention a bowl, or deep dish, carved in soapstone; a stone mortar, 
a number of pipe-bowls, pipes, &c., with chisels, spear-heads, gouges, 
and an Indian cradle profusely ornamented. 

From New England, Mr. S. A. Ladd, from the vicinity of Mere- 
dith Village, New Hampshire, has contributed a considerable variety of 
stone implements, including two of those remarkable chisels, or gouges, 
having a cur\-od catting edge ; also straight chisels, si>ear-heads, pestles, 
fishing sinkers, perforated stone ornaments, and arrow-heads. From 
Vermont, sent by Messrs. J. M. Currier, W. G. Norris, and K. Wheeler, 
we have received a spear-bend of native copper, of good workmanship, 
but much corroded. The metal of this may have been obtained in bartei 
from the Indians of Lake Superior, or from others living in Nova Scotia, 
where the native metal exists. It was accompanied by a stone hoe, a 
flat, triangular implement with acutting edge, of which examples are some- 
what rare, stone pestles, and lance-heads. Air. Fearing Burr has presented 
a cast iu plaster of the most perfectly shaped pestle yet obtained, which, 
at the end grasped by the hand, is worked to a sharp edge or comb, 
pointed at one side. It was exhumed from an ancient Indian ccmeterj' 
near Hingham. Very large collections of stone implements have been 
received from Dr. W. Wood, of East Windsor Hill, Connecticut, who 
has devoted much time and exhibited great zeal in this branch of 
research as well as iu others connected with natural history. A liberal 
donation is recorded from him of axes, hammers, chisels, spear-heads, 
knives, gouges, pestles, perforated stones and hoes, and firom these and 
other parcels received from him, it may be justly inferred tbat his vicinity 
was densely populated in former times by the savages who wrought 
these articles. 

Canada, Sew Brututciek, &e. — Much attention has been excited in the 
Dominion of Canada upon the subject of aboriginal remains, chiefly 
through the exertions of Principal Dawson, of McGUl University, Mon- 
treal, trom whom a valuable series of Indian pottery, pipes of stone and 
earthenware, perforated stone implements, &c, has been received. 
Professor L. W. Bailey, of New Brunswick, also has presented several 
Btone axes, strings of wampum, spear-points, and arrow-heads, which 
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were collect«d iu his vicioity. From a long-eateemed correspondent of 
the Institution, Mr. W. E. Guest, formerly of Ogdensburg, New York, 
now of Canada, hare been received a number of ciirioualy-worlced bone 
implements, chiefly nwls or perforatora, employed anciently iu sewing 
leather garments and moccnsins. An unknown donor has sent us a fine 
sample of the heavy stone mauls Hse<l by the mound builders or their 
predecessors, in mining the native metallic copper from the Lake Supe- 
rior region, where the vast deposits of this metal were resorted to for the 
materials out of wbicb to make spears, tomahawks, fish-hooks, sinkers, 
and personal ornaments. 

Mexico. — From other districts not included within tlic United States, the 
Institution has received important contributions in ethnologj'. Dr. 8ar- 
torins, from near Mirador, in Mexico, has sent specimens of the stone im- 
plements and ornaments formerly in use among the aboriginal races of 
that country. Some of these, namely, the perforated ornaments, heads, 
knives, and chisels, are prepared from a variety of jade — a hard green 
minei'al, held sacred by the natives — and others, such asknives, flakes and 
arrow-points, are of obsidian, a material tiava which long-bladed portions 
can be flaked off by n slight pressure on the sides of the core. The ti'a- 
ditioual knife for the rite of circumcision among the Jews was of stone, 
and tli6 suggestion has been made by Dr. Foreman that the custom 
originated with a i^ople living in Asia Minor or Arabia duriug the stone 
age. This collection also contains earthenware images, saucers, inccn- 
Bories, bowls, cups, candlesticks with and without handles, together with 
domestic utensils made of dried gonrds, which are sometimes converted 
into children's rattles. All these are of modern workmanship and now 
in nse among the people of the country. From Dr. Sumichrast, also of 
Mexico, we have received a perforateil stone tube — probably part of a 
pipe. 

Porto Rico, West Indies. — Prom Porto Rico, George Latimer, esq., 
who has long been a very liberal contributor to the collections of the 
Institution, has sent three additional sjKicimens of remarkable elliptical 
stone rings, resembling an ordinary horse collar, made from a very hard 
syenite rock, and carefully sculptured and polished. It is suggested that 
they were placed on the neck of the human siicrifieial victims during 
religious ceremonies, probably for effecting strangulation before the fatal 
stroke of the obsidian knife. One of them is of a different pattern, being 
shapeil like a horse-ahoe, or the letter U, and of more massive propor- 
tions. Included in this interesting collection are also several ancieut 
stone chisels similar to those found in the United States, and a number 
of terra-cotta images of grotesque form. 

From Barbadoeg, West Ijidies, through the kindness of Granville 
Chester, esq., we have obtained several ornaments of carved shells and 
a hatchet of the same material. Articles made of shell are now exciting 
much interest, as this substance seems to have been widely employed at 
as early a period as that of the age of the mound-builders. ,-. , 
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British Guiatia. — P. Figyelmesy, esq., United States consul, has pre- 
sented a valuable series of articles in use among the tribes of Indians 
now living in the interior of that country, fnclnding sets of bows and 
arrows, war clubs, a blow-gun, with two cases of arrows poisoned with 
the wourali ; an emblem of office, consisting of a clnb and a paddle com- 
bined ; a stone (jhisel, and also head dresses, made of brilliant- 
colored feathers, braeelets of the greeij and gold wing cases of a large 
species of beetle, [Bvprestis,) beaded aprons worn by females, a necklace 
of the teeth of the peccary, and a flute constnicted of the long bones of 
a wading bird. 

From Central America, Dr. Earl Flint, while examining the Island of 
Omatepi5, in Lake Nicaragua, obtained for the Institution, from ancient 
tombs, an idol and three earthenware vases of mach interest. From 
Chiriqui, an unknown donor has contributed an earthenware vase. 

France. — The prehistoric caverns and rock shelters of France, uuder 
the persevering investigation of Professor E. Lartet, have yielded 
such a harvest of precious relics, and of ingenioas and interesting de- 
ductions, as to have conferretl ou him a world-wide renown. Out of 
his abundant materials he has with much liberality presented to the 
Institution several cases filled with objects, of which it will suffice to 
enumerate a few prominent specimens. Of the animals contempo- 
raneous with man in those obscure times, there are bones of the horse, 
some of them gnawed by wolves ; of the aurochs, rhinoceros, wild goat, 
chamois, hyena, reindeer, inclading t^ very jierfect jaw and teeth of the 
cave-bear. Associated with these are two small boues of the human 
skeleton, apparently belonging to the phalanges of the hand. Among 
the implements of war, of domestic use, and articles of ornament, are 
casts of bone implements, chiefly for making perforations, stone knives, 
sculptured horn of reindeer, and bone aigrettes, probably for fastening 
skiu or fur dresses ; also a mortar for grinding grain or fruits, and casts 
of arrow-heads, in forms very similar to those of American specimens; 
and many flakes of flint struck from the core while making knives, 
arrow-points, or other articles. The European dint is better adapted 
to this manufacture than any stone found in America, except obsidian. 
These diut chips were gathered from fourteen different localities in 
France, lodicating the prevalence of the art of forming cutting imple- 
ments of stone and the density of the population. Professor Lartet 
has also contributed several large masses of the breccia which occupies 
the floor of the caves, consisting of bones and teeth of animals, flint 
flakes, pebbles, and other objects cemented together into a solid pave- 
ment. The composition of these masses apparently indicates the great 
antiquity of man, since they present the stone implements of his cod- 
stmction embedded in the same materials with the bones of the rhinoc- 
eros and other extinct animals. The most I'emarkable portion of this 
collection may, however, be said to consist of the illnstrations of tfa« 
art of sculpture as it existed among the prehistoric races. The materisl 
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employed was the broad portion of the horns of the reindeer or the 
irory tusks of the elephant. These carvings exhibit a remarkable ap- 
preciation of form and compoaitiou, nodoubtedly derived from constant 
observation of the wild animals depicted. They chieQy represent the 
more remarkable qaadmpeds, sach as the elephant, reindeer, bear, 
anrochs, &c. These are all exhibited in motion or in striking attitudes, 
snch as leaping, fighting, or flying from pnrsait. . ' 

Falgnesui. — It is proper here to record an addition to the collections 
ftom Commodore John H. Aulick, TJaited States Navy, coosistiog of a 
large cape or mantle entirely covered with brilliant plumage of scarlet, 
gold, and black feathers, derived from birds which are extremely rare 
in that country. It was made for the personal decoration of King 
Kamehameha on state occasions, and presented by his Majesty to the 
commodore when he officially visited the S^udwich Islands, some years 
ago. From Commodore Magrnder, Unit^ States Navy, we have re- 
ceived several warlike implements of the Feejee Islauds. 

Meteoeologt.— Thesyateminauguratedatthebeginningof the lu- 
atitution has been carried on as usual during the past year. The whole 
nnmber of observers reporting to the Institution during this jieriod lias 
been 479, and to the Medical Department of the United States Army, 
120, making in all 599. Among these, 167 report indications of the 
barometer and the other instruments, and the remainder those of the 
thermometer, rain-gaage, and wind- vane.- Owing to the necessarily un- 
settled condition of the army since the war, many changes have taken 
place in the posts at which observations are made, and therefore the 
permanent, or, rather, normal condition of the whole system has not yet 
been established. I say *' normal" because, since the observations made 
for the Institution are from voluntary observers, and somechanges must 
take plat^e in the disposition of troops, therefore more or less variation 
in the number and locality of points of observation must always occur, 
and a condition of absolute permanency is not to be expected. Nearly 
aU the material that has been, collected by the Institution during the 
last twenty years is in the hands of computei'S, with the exception of 
that relative to the rain-fall, which has been discussed and of which the 
results are now passing through the press. The material relative to tem- 
perature has been put in charge of Mr. Charles A. Schott, and will be 
-completed during the present year, provided the usual number of com- 
puters are retained. The discussion of the material relative to the 
winds of the northern hemisphere, collected by the Institution from 
various Bonrces, is in charge of Professor Coffin, of Lafayette College, 
who, with a nnmber of assistants, will press on the work of its reduc- 
tion and discussion as rapidly as the means appropriated for the purpose 
wOl allow. The previous discussion of the winds of the same region by 
Professor Coffin, published in the transactions of the Institution, has 
been adopted as a part of the basis of the pilot charts of the British 
Hydrographic Office, which fact may serve as an indication of the T^^ . 
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attacbed to the publicAtions of our Institution and to tbe labors of (me 
of ite collaborators. Few persons not liaviug experience in the matter 
could imagine the amount of labor required in the reduction and dis- 
ouesion of physical observations. In the case of the observations re- 
ported to the Smithsonian Institution iie^trly three millions of figures 
have to be gone over. But this is not ail. Various hypotheses have to 
be provisionally assumed, and the deductions from them teste<l by com- 
parison with the aetnal results of observations, while many special re- 
sults have to be deduced in accordance with pre^■ion8ly established for- 
miilas. The result of the discussion of the raiu-fall, besides being given 
in tables, is ilhistrated by curves and rain-charts. The printing of the 
tables is necessarily a slow operation, requiring special care in the cor- 
rection of the proof. The printing of the charts has been facilitated by 
exhibiting the relative fall of rain in each part of the country by dif- 
ferent depths of shailing in theoriginal engraving, the distinction being 
made more obvious by a second printing in a single color. The raiu- 
charts are three in number ; one exhibits the relative fall of rain for the 
whole year; another for the three mouths of summer; and a third dur- 
ing the months of winter. For agricultural purposes the rain -fall in the 
sammer is most important, but data are given in the tables to ascertain 
it for every month of the year. 

The distribution of rain is very materially affected by the prevailing 
direction of the wind, and this again is modified by the declination of 
the sun, a fact which must be evident when we consider that the motive 
power of the great currents of the aerial ocean is the greater heat of 
the equatorial regions derived from the perpendicular rays of the sun, 
which, expanding the air, causes it to ascend and flow over in each 
direction toward tbe poles. The medial line along which this expansion 
takes place must move north and south with the sun in his varying de- 
dioation. If the earth were covered entirely with water, and were at 
rest, the currents of the air would be comparatively simple ; but, nnce 
the earth isiu a rapid rotatory motion eastward, tbe currents which flow 
at the surface toward the medial line move on one side from the north- 
east and on the other fi'om the southeast, thus forming what are called 
the " trade- winds," while the same currents continued upward and 
northward on one side, and upward and southward on the other, carv- 
ing eastward, form the great stream of western return-trades which in 
the northern hemisphere, in summer, continmilly flow over the United 
States, at a high elevation, and which waft the higher clouds eastward, 
giving a simCar direction to the principal storms of every season. In 
midsnmmer, when the medial line we have referred to is carried north- 
ward by the northern declination of the sun, the upper current reaches 
the earth beyond the fiftieth parallel of latitude, and precipitates the 
vapor which it brmgs from the Pacific Ocean in the form of rain on the 
western coast of America, to the depth, at Sitka, of ninety inches. As 
tbe sun declines to the south the rain belt gradually descends along the 
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coast until it reaches, in dimiuisLed qunntity, the sautliem portion of 
Calitbrnia. As the sun ascends again towHrd the north the rain also 
gi'adually returns northward, until it leaves almost entirely, during the 
gnmmer, that portion of the western coast south of 50° north latitude. 

The primary currents of air we have mentioned are modified by the 
varying relative temperature of the oceau and the continents. The 
capacity of water for heat being abont six times that of laud, the latter 
becomes relatively much warmer in summer and colder in winter than 
the former; and since the iiir nt the surface of the earth tends to Qovr 
from the colder to the warmer region, th€re must be a tendency of the 
wind from the oceau t^iward the land in summer, and the coutrarj' in 
winter; though this may not be jiowerful enough to reverse the general 
currents, it is yet sufficiently so to produce iu them the modifications of a 
very perceptible character. In summer, the greater heat of the surface 
of the middle portion of North America keeps the retnrn trade-current " 
at a high elevation, and produces a surface current from the Gulf of 
Mexico, which, on account of the motion of the earth, assumes a direc- 
tion from sonthwest to northeast, bearing with it the moisture which is 
precipitated in rain, principally throughout the region east of the Mis- 
sissippi River. Were the earth at rest the same current would flow 
over the whole of the MississippiValley to the base of the Kocky Moun- 
tains, and the aridity of the western portion of this region would no longer 
exist. 

Ih winter, when the upper current, after sweeping across the Pacific 
Ocean, ascends along the western slopes of the mountains, it precipi- 
tates its moisture on their crest in the form of snow, which, melting in 
summer, gives rise to numerous streams which, although not sufficient to 
irrigate aU the region between the Rocky Mountains and the fertile 
country adjoining the Mississippi on the west, may yet, by well-directed 
enterprise, serve very much to circumscribe the arid regions iu the 
Mississippi Valley, as well as to mitigate the droughts of the great in- 
terior basins of the mountain system. 

In summer, the suu approaching, in its northern declination, a posi- 
tion nearly vertical to the extremity of the Peninsula of Florida, beats 
the land and produces inflowing and upward cnrrents of air, charged 
witli moisture, which, perhaps more fre«pient!y iu the after-part of the 
day, falls in copious showers. Iu winter, on the contrary, the sun being 
far south of the latitude of Florida, the surface currents are almost 
neutralized, or tend to flow from the land, and, hence, the rainfall at 
this season is much less. 

In the region east of the Mississippi, including the whole Appalachian 
system, the direction of the surface wind is the same as that of the trend 
of the mountains, and hcuce both sides and crests of the latter and in- 
tervening valleys are covered with vegetation. 

The region along the eastern coast of the United States is also sup- 
plied with vapor from the Atlantic Ocean, which is borne inland in all 
cases where an approaching storm gives rise to a wind from an ei^^y 
4 s ' <- 
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direction. The preceiliug sketch gives a general esplanatioii of the 
marked contrast between the rain-fall of the eastern and western halves 
of the United Stat«s. 

. Most of the records of meteorological phenomena which were made 
previous to a comparatively late date had for their object the determin- 
ation of, what may be called, the statical condition of tlie weather in dif- 
ferent places, or, in other words, the determination of the average atmo- 
spheric pressure, temperature, direction of the wind, and the fall of raiiL 
A knowledge ol' these elements is of great imiiortance in ascertaining the 
relative climates of different conntries, particidariyin regard to sanitary 
and agricultural considerations. In later years, however, systems of 
meteorology have been established having more especially for their ot>- 
ject the record of the simultaneous conditions of the atmosphere in differ- 
ent portions of the earth, and the origin and progress of storms ; that is, 
to discover, if possible, the dynamic principles which regulate the phe- 
nomena of the weather. Systems of this kind have been established in 
almost everj' pai"t of Europe and in several parts of ^Vsia, even in Turkey, 
In the East Indies, and in North America. Ttiese systems are not only 
intended to indicate the laws according to wliich the atmospheric dis- 
turbances are produced, but, also, to predict, by the aid of the telegraph, 
the weather that may be exi>ected within a given time. 

The Smithsonian Institution was the first tn make use of the tele^ 
graph for this purpose. The state of tlie barometer and thermometer 
and the direction of the wind were received from the various telegra]>hic 
stations at 8 o'clock each morning and recorded on a large map fastened 
to a board, into which small iron pins were driven to support circniar 
cards of different colors, which indicated the character of the sky and 
of the weather — wbethw cloudy or clear, raining or snowing. On each 
card was drawn an arrow, the direction of which could be varied by 
suspending the card from one of eight holes with which it was pierced. 
A glance at this map showed at once the condition of the sky and direc- 
tion of the wind over the whole country, and knowing from previous 
observation the direction of the movement of storms, the weather could, 
in most cases, be predicted, frequently more than a day in advance. 
In Europe the prediction of the weattier is founded on the probable 
direction of the wind at a given place as deduced from telegrams 
giving the maximum and uiiuimum pressures of the air as indicated 
by the barometer. It has been found from observation that the 
wind which may be expected will blow nearly at right angles to a line 
joining the maximum and minimum pressure of the air, and that the 
face being turned toward the minimum point, the wind will come fi-om 
the left-hand side. This ndc, however, may be theoretically deduced 
from the movement of the air in the form of a cyclone, but will scarcely 
hold true in case of the storms observed in the eastern [wrtions of the 
United States. The storms that visit the west of Europe arc those 
which come directly from the ocean, where the cyclonal character of the 
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wind finds little disttirbfiiice from inequality of surface, while tLe storms 
on the opposite American coast have their origin far inland, and are Rub- 
ject to greatchangesof form by mountains or other obstructions in their 
passage to the Atlantic Ocean. The system adopted by the Institution 
for predicting changes in the weather was interrupted by the war, and 
since the restoration of peace the telegraph companies could not be in- 
duce«l to furnish the transmission of the uecessiiry telegrams free of 
charge ; and as this project was intended as a practical application of 
science and wotlld require a much larger appropriation for its support 
than could be afforded by the Smithson fund, the proposition to renew 
the system has been allowed to rest. At the present session of Congress, 
however, a resolution was offered by Mr. Paine, of Wisconsin, which 
was adopted, authorizing an appropriation of 825,000 for a system of 
weather signals, especially along the northeni lakes. The general direc- 
tion of this system has been placed in charge of the Chief of the Signal 
Corps of the Army, General Myer. The plans which have been adopted 
for the carrying out of the proposed object have not been communicated 
to the Institution. We shall, however, be ready to give any advice or 
assistance in conducting the enterprise which may be required, and also 
to avail ourselves of any fhcilities which it may afford as in the study 
of the climatology of the northern hemisphere. 

Respectfully submitted. 

JOSEPH HBNBT. 

Jakuaky, 1870. 
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Additions to the collections of the Smitlitonian Institution in 1869. 

Alden, Dr. C. B., United States Army. — Que box fossil bones and teeth, 
Wyoming Territory. 

AUard, C. T.^Collection of miacmls, Illinois. 

Athens, Greece; Museum of Natural History. — Fossil bones from Mount 
Pikermi. 

A utick, Commodore John H., United States Navy. — Feather cape of 
King Kamehamaha, from Sandwich Islands. 

Areff, Adam: — Indian ^)ear head, Indiana. 

Baird, Professor S. F. — Sknll of mephitis, Massachusetts; portions of 
skeleton of whale, Grand Manan, Ifow Bruuswick ; hones, stone imple- 
ments, &c., from caves near Carlisle, Pennsylvania ; 40 skulls of porpotst?, 
Bay of Fundy ; bones and relics from shell monnds, Maine. 

Barnes, Major General J. K., Surgeon Oeiteral United States Army. — 
See Washington, Medical Department United States Array. 

Barratt, Dr. Moses. — Indian relics and fresh-water shells, Wisconsin. 

Bartholf, Dr. John A., United States Army. — Ardea herodias, Missis- 
sippi. 

Betdes, A, C, iospital steward United States Army. — Box bird skins, 
North Carolina. 

Behrena, James. — One box insects, California. 

Biddle, Lei^ld. — Carboniferons fossil, stone chisel, &c., Iowa. 

Bischoff, Ferd. — Eight boxes zoological collections, from Alaska. 

Blackburn, George and Charles. — One box binls* eggs, Iowa. 

Blackman, Mrs. Leah. — One box Indian stone relics, &c.. New Jersey. 

BlaJceake, C. T. — One hornet nest, Ohio. 

Boardman, G. A. — Indian relics from shell heaps of Maine; and 100 
skins of birds from Florida. 

Bolles, Rev. E. C. — Box of shells, (Lymnea ampla,) Maine. 

Boucard, A. — Coleoptera and reptiles from Mexico. 

Breslau, K.; Ober-Berg-Amt — Collection of minerals and fossils of 
Germany. 

Brevoort, J. Carson. — South American deer in desh. 

Bryan, 0. N, — Miscellaneous Indian relics, Maryland. 

Burr, Fearing. — Cast of Indian stone pestle, Massachusetts. 

Byrne, Dr, C. C, United States Army. — Indian stone scrapers, Arr 
kansas. 

Cambridge; Herbarium of Harvard College. — One box seeds of acacia, 
&&, Anstralia. 

Cameron, John. — One card Indian arrow-heads, Maryland. 

Canfield, Dr. C. A. — One box marine animals, and two boxes nests 
and eggs, California. 

Capel, J. H. — Bones of elk from Canada. 

Capron, General H., Commissioner of Agriculture. — Sec TTasftijij'ion, De- 
partment of Agriculture. 

Carter, ifr.— One box fosi^ils and minerals from near Fort Bridger. 

Charbonnier,Dr.A. V., United States Army. — Minerals and fossils from 
Mammoth Cave, Kentucky. 

Chester, Rev. 0. T. — Three shell implements, Barbadoes. 

Chicago; Academy of Sciences. — Copy in terra cotta of an imago from a 
monnd, Missouri ; electrotype cast of copper-knife from mound in Illi- 
nois ; cast of ancient vase. 

Christ, Richard. — Egg of Sawwhet owl, Pennsylvania. 

Clark, S. — Indian pottery, stone and shell implements, skulls, &c., 
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ColUtt, John. — ^Three Indian arrows, trilobitee, fossil ferns, &c., Indi- 
ana. 

Coues, Dr. E. — ^Two boxes bird skius and osteological collections, yorth 
CaroUoa. 

Crocker, Allen. — Fossils and zoological speeimeos, Kansas. 

Currier, Dr. J. M. — Indian stone relics, Vermont. 

Curtis, Eev. M. A. — Teetb of cyprinoid flsb, Indian relics, and Indian 
beads from a grave, Korth Carolina. 

Dall, W. H. — Paper currency from Pekin, China; and 22 boxes zoolo- 
gical and Gtlinologicat collections from Alaska. 

Davis, J. H. — Skin of pantber. 

Davis, H. — Fossil coralline, (1) Minnesota. 

Davis, Dr. Samuel. — Indian stone relics, Indiana. 

DeCrertf, P. A. — Specimen of magnetic rock, Martiniqae. 

De la Venuy, Mr, — Sapposed meteorite, New York. 

De Oca, B. Montea. — Kloauted peccary, [Dicotyle torquatas,) Mexico. 

De Seldittff, Charles. — Skull of dog, Tennessee ; bit and reiiisof bridle 
from Lima, Soutb America ; black slate carved pipe. Northwest Pacific ; 
flsbing line, hook, and net, Otaheite. 

Deana, J. W.—Oae box copper and silver ores, &c,, Mexico and Call- 
foruia. 

Denny, Henry. — Set of casts of the great seals of England; skntl of 
dog and portion of i«lvis of rhinoceros firon^Dowkerbottoni Cave, Eng- 
land ; Euplectella apeciosa, Philippine Islands ; fossil crinotd, ( Woodocri- 
nus,) from York, England. 

Department 0/ Affriculture, Oeneral R.Capron. — Mounted rabbit, nest 
of oriole, stone war-club, &c., Peiuisylvania. 

Destrvge, Dr. A. — Two boxes birds, Ecuador. . 

Dille, Mr. — Teeth of fossil horse, Illinois. 

DoddfP. S. — Eggs of terii, merganser and ring plover, Sova Scotia. 

Edxcards, Amory. — Skins of six species of jay, California. 

Edwards, Henry. — One box insects, ami living Helirarrosa, California. 

Endres, J. R. — Two boxes of humming birds, Costa lEica. 

Fauntleroy, Thomas W.,per 0. X. Bryan. — Indian mortar, axe, &c., Vir- 
ginia. 

Femald, Charles. — Neuropterous insects, California. 

Figyelmesey, P., United States Consul. — Three boxes birds, insects, ami 
curiosities, British Ouiana. - 

Flint, Dr. Earl. — Ancient pottery and seeds of the turkey flower, 
Nicaragua. 

Force, Henry C. — Shell ornaments from Casa Blauca, near Gila River, 
with fragments of pottery, stone axe, &c. 

Foreman, Steplien. — Indian relics. New York. 

Gardner, E, F. — ^Indian relics from shell heaps, Maine. 

Gardner, Dr. W. H., United States Army. — Indian implements aud 
relics, Dakota. 

. Geiadorf, Dr. — Two skulls of Indians and ono beaver skull, Montana 
Territory. 

Ghiaelin, Dr. J. T., United States Army. — Indian implements, &c., Ore- 
gon. 

Oiddinpa, Edward. — Skulls of NisQually Indian and of mammals ; ser- 
pola, and casts of shells, Washington Territory. 

Qillisa, John R. — Skull and other bones of human skeleton, Utali. 

Goss, B. F. — One box birds' eggs, Wisconsin. 

Gray, Dr. C. C, United States Army.— Skeleton of Indian child, Da- 
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Qrayson, Colonel A. J. — Four boses birds, insects, &c., Mexico. . 

Griffith, AmosL. — Nest of haoiioiiit^ bird, Tennessee. 

Griitiian, A, 6. — Indian stone imitleineuts, Virginia. 

Gntber, Ferdinand. — Six skins Harporhyvhem rtdivivus, Californijt; 
and one box birds, Austmlia and California. 

Hagan, J. W. — Indian etone relics, Keiitiieky. 

HaU, Br. E. — Indian stoue relics, Illinois. 

Hancock, E. M. — Birds' eggs, Iowa. 

Harper, W.J, W. — One box sliells, California. 

Hayden, Br. F. V. — Ancient soapstone bowl, Wyoming Territory; 
and ;;2 boxes geological and otber collections, Colorado. 

Haymowl, Leigh. — Indian stone implements, Indiana. 

Haymottd, Br. Eufux. — One box Indian stoue relics, Indiana. 

Hererin, John T. — Menopoma allegltanieims, Missonri. 

Holmes, Professor F. ^'.^Phospbate of lime from Ashley River, South 
Carolina. 

Hoxre, Rev. S. 8. — Indian pipe and other relics, Dakota and Iowa. 

Hoxie, Walter. — One box binls and birds' eggs, South Carolina. 

Hovgh, Br. F. B. — Bones of Sas from depth of 18 fe«t iu Loess, and one 
box Indian relics, New York and Canada. 

Boy, Br. P. R. — Skull of a I'ottawatoniie chief and Indian vase from 
monud ; also birds' nesta and eggs, Wisconsin. 

Hubbard, Br. E. W. — Helices from varions localities. 

Hudson, W. H. — Two boxes birds, Buenos Ayres. 

Hurt ct Bros. — Box iron ore, clay, &c., Virginia. 

Jeirett, Colonel E. — Corallines in chalcedony, Florida. 

Jones, Rev. C. M. — One box birds, Connecticnt. 

Keenan, T. J. ^.-^Two boxes insect-s, one box shells, Mississippi. 

Kelley, Br. A. Way, United States Arimj. — Fragmct of tooth of mas- 
todon, Mississippi. 

Kilpairick, General J. — Mummied child from Ariea, Pern. 

Kimball, Br. J. P., United Slates Army. — Indian scalps, rattle, &c. 

King, Clarence. — Twenty-six boxes and two kegs, geological and natu- 
ral history collections from Utah.- 

Kirkby, Rev. W. IV.— Oue.box specimens natural history, binls' eggs, 
&c.. Fort Simpson, HiidsoU Bay Territory. 

Klwge, Br. J. P. — Keptiles aud insects, Panama. 

Knudsen, Valdemar. — Ninety human crania. Sandwich Islands. 

Ladd, S. A. — Twelve Indian stone relics. New Hampshire. 

Lartet, Prof. E. — One box prehistoric remains, France. 

Latimer, George. — One box bird skins aud one box stone implem<;uts, 
Porto Kico. 

Laurence, 6. S. — 6raculu» mexicaaus mounted, Cuba, 

Le Carpentier, Jules. — One box beetle^. New Mexico. 

Lea, Isaae. — Indian stoue axe, Pennsylvania ; specimen of granite per- 
forated by Pholas, Nautes, France. 

Lee, Br. J. — Golden eagle in flesh, Maryland. 

Leer, James. — Lignite and iron pyrites. District of Columbia. 

Leiria, Br. James.— One box fresh-water univalves, New York. 

Lewis, S. 0. — Diallogite and other minerals, California. 

Limpert, W. R. — Indian stoue relics aud eggs of woodcock, mallard, 
&c., Ohio. 

Lincecum, Br. Gideon. — One box Lepidoptera, Texas. 

Lincecum, G. W. — Humming birds, and foui- boxes birds, insects, &e., 
Texas. 

Lockhart, James. — One box iusects, Hudson Bay Territory^ ,^,-.^j[,. 
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London; Royal College of Surgeons, tlirough Professor Flower. — Skulls 
of lion, tit^r, jncknll, &c. 

Lyons, Dr. W. B. — Fossil snuiians, Sew Mexico. 

Lyons, E., Hospital Stetcard, United SIntesArmy. — ludian implemeots, 
Dakota. 

March, William T. — One box birds, Jamaica. 

2fatthcws, Or. TV'., United States Army. — Bird-slctus, eggs, &e., Dakota. 

Maynard, E. J. — Oue box bird skins, Florida. 

McCouffktry, Miss E, 6. — Indiau stone implements, Kentucky. 

MeCoy, Miss E. M. — ludinti arrow-beads, Indiana. 

McCoy and Maxicell, Drs. — Massasangii rattlesnake. ludiaua. 

Mcllvainc, J. II. — Collection of bird skins and Indiau relics, Pennsyl- 
vania. 

McKee, Dr. J. C, United States Army. — Savjyo bracelet, ludian Terri- 
tory. 

McWecn, J. M. — Skull of mound-builder, Itidiana. 

Merritt, J. C. — Indian arrow-Iiea4U, Sew York. 

Moffatt, Dr. P., United States Army. — Indinn implements, Oregon. 

Micbener, Dr. E. — Indian stone relics and typo specimen of Euspiza 
totrnscndii, Pennsylvania. 

MicJtener, Captain J. — Skin of purple galtiuule and ancient relics in 
iron and brass, Maine. 

Milborn, Caleb. — Carving in ornamental green marble, Delaware. 

Sliiior, Dr. T. T. — Five boxes ethnology and natural bistorj-, two 
skeletons of sea otter, and box of Indian curiosities, Alaska. 

Montreal; McOitl Untrerstty, from Principal Dawson. — One box Indian 
antiquities, Indian axes, &c., Canada. 

Moore, C. R. — Indian pities, arrow-beads, &c.. Eastern Shore of Vir- 
ginia. 

Morris, W. F. — Head of diamond rattlesnake, Mississippi. 

yetson, Peter. — Teeth and bones of mastodon, Fioriila. 

Neicsom, W. Lewis. — A cane carveil by Andrew Oliver, a revolutionarj" 
soldier, and prisoner to the British in 178;i, New York. 

-Vetr York; Central Park Commission. — Two living Enropean swans, 
Sew York. 

Nicliols, Dr. — Raccoon in the flesh, District of Columbia. 

Nixon, J. Sharpe. — One bird (Reffulus satrapa) in flesb, Pennsylvania. 

Xorris, H. W. — Indian stone relics, Vermont. 

Xorris, W. 0. — Indian stone relics, Vermont. 

Orton, iVq^ssof.— Collection of bird skins, Ecnndor. 

Otis, Dr. George A., United JSlates Army. — Four sets bows, bow eases, 
ijnivers, and Indian trinkets, from the battle-ground of Washita River, 
Indian Territory'. 

Palmer, Dr. E. — One box birds' nests and eggs, Fort Wiugatc. 

Parker, H. 6. — Bill of white pelican, Sac, Nevada. 

Parrisk, Henry M. — Egg of screech owl, Alabama. 

Philadelphia; Academy of Xutaral Sciences. — Egg of Alca impennis, or 
great auk, Iceland. 

Pltitlips, M. TV. S. — Indian stone relics, Keutaeky. 

Pitch, Captain, through Agricnltnrul Department. — One crab ; Caribbean 
Sea. 

Plujnbo, 0. — Indiau stone relics, Kentucky. 

Ptummcr, R., and Comegys, H. C. — Twenty-three bin! skins. Con- 
necticnt. 

Portland; Society of Natural History. — Postplciscene fossils, Maine. 

Post, Dr. S. A. — Quartz geodes, Syria. ,-, , 
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Poieell, Dr. It., United States Army. — Bow, quiver, &*!., Pitt Eiver 
Iniliaiis, Oregon. 

Sarencl, Dr. — Land shelU nnd alcotiolic preparutious, Texas. 

Seeve, J. F. — Collection of bird skins, Ecuador. 

Kcincrt, Dr. Paul. — Three packages of dried plants, Germany. 

Reynolds, Dr. R. M. — lodian pottery, arrow-beads, &c., Alabama. 

Ridgitap, Robert. — One liox birds, Illinois. 

Ring, lAeutenant F. M., United States Armj/. — Forty-t^vo objects Indian 
curiosities, Alaska. 

Robinson, \Vindham. — Bones of yoaug mastodon, &u., Virfiinia. 

Rotkliammer, Dr. S. M. — One Indian soapstone dish, Florida. 

Sartorius, Dr. C. — One b«\ ^iiecimeiis of natural history and ethnology, 
and a sjHMiinieii of Lystra ceri/era, Mexico. 

Sajrtoa, Joseph. — Indian stone relics, seeds, &c.. District of Columbia. 

Scammmi, Captain C. M. — Kostrum of aword-ilsh. Pacific Ocean ; one 
keg alcoholic Bpevimens, ttkullsof seals, skins of fur seal, cetuceuu skalls, 
&c., Piifiilc Coast. 

Sehliitter, WilHam. — Oile package birds' nests, Germany. 

Hckultz, Dr. C. F. — Indian stone axe, Pennsylvania. 

iiclater. Dr. P. L. — Nine bird skins, Bogota. 

Sessions, Lacit. — Nest and eggs of birds, Connecticut. 

Shanks, William. — Indian stone relics, Indiana. 

Shimer, i/.-i-E!ectro copy of an Indian copper knife, Illinois. 

Smith, Benjamin U. — Indian stone relics, Pennsylvania. 

Smith, Hamilton. — ^Two ]x>lisl]cd Indian implements of rpmrtz, Indiana, 

St, John ; Natural Sistory Sodetj/. — Devonian fossil plants, New 
Brunswick. 

Stearns, R. E. C. — Collectionsof ancient relics from shell heaps; twenty- 
two species of shells in alcohol, Florida. 

Sternberg, Dr. O. M., United States Army. — Bnrial ease of an Indiiin 
child, five boxes vertebrate and other I'ossila, Ivanifas. 

Stetenson, James. — Arapahoe (Indian) saddle, Wyoming Territory. 

Stimpson, Dr. Wiftiain. — Indian shell impk^ment, Floricia. 

StorroiC, Dr. E., United States Armi/. — Indian imxfiements and relics, 
Idaho Territory. 

Samiehrast, Dr. F. — Tliree boxes birds, mammals, reptiles, &e., Mexico. 

Stcijt, Dr. -E., United States Anup. — Indian pottery, stone implements, 
pipes, &c., Lonisianu. 

Tate, Ralplt. — One box shells, Nicariigua. 

Tliomas, General G. H., United States Army. — Bones of walrus, and 
one box coal, Alaska. 

Thompson, R. O. — Three fossil shells, Missouri. 

Throckmorton, Mrs. — Indian stone mortar, Arkansas. 

Todd, Dr. W. 11. — Indian reliiis from shell heai>8, Maine. 

Totten, Dr. G. M. — Connorant and Hying flah, Stniits of Magellan. 

Turner, Grantille. — Indian stone relics, Illinois. 

Unknown. — One box specimens of coal, one box alcoholic specimens 
insects. 

Vanardale, Henry. — Indian stone hatchet, Indiana. 

Wa^fner, Dr. VAinton, United States Army. — Bqnirre! and bird skins 
and Indian implements, &e., Idaho Territory. 

Wakejield, Dr. — Skin of wren, Campylorhyneus brunn^captllus, Sonora. 

Warner, John G. — Specimens of rotten stone, Pennsylvania. 

Washburn, Hon. Thmnas. — Indian arrow-heads, Indiana. 

Washington; Army Medical Museum. — See Medical DcpartmcQl United 
States Army. ,-, , 
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Washiitfftott; Medical Department United States Army, — See Drs, Alden, 
Bvnie, Cberbonuier, Garduer, Ghiselin, GiJiy, Kolley, Kiinball, Lvoiis, 
W. B., M(!Kpe, Moffatt, Otis, FowoU, Iteynolds, Sternberg, Storror, Swift, 
Wagner, White, Wbitebead, aud Lyoiia, E., hospital steward, Uuited 
States Army. 

WaaMiufton, Agrieultural Department United States. — See Oaiiroii, 
General H., Kaveiiel, Dr., Geiadorf, Dr. 

WelUtood, atephen. — Oaiie madeof wood of steamer Charlotte Dmidas, 
1803, Scotland. 

Wkefler, Bud. — Indian atone relics, Vermont. 

White, Dr.B. II., United States Army. — Ancient pottery from mound, 
AUibama. 

WlUtekea*}, Dr. W. i'., United States Army. — Indian implements, Wash- 
ington TeiTitory. 

XVhitney, Joseph. — Indian beads, gouge cliisel, &c., Maine, 

'\Vilkins<m, S. L. — Collection of Indian relics, minenils, plants, Ten- 
nessee. 

WlUiams, H. C. — Stone implement, Virginia. 

Witson, Dr. 8. W. — Four living Ampkittma, Georgia. 

Wilson, Samuel. — Indian stone imjilements, Sew Jersey. 

WiUon, Tliaddem. — Indian stone relics. New Y«rli, 

Wingate, John D. — ^Two salamanders and box of insects, Indiana. 

Yates, Dr. L. 0. — Indian skulls and fossil ox boues, and Indian stone 
relics, California. 

Yea^er, Mr. — ludlait arrow-beads, Hint-flakes, &c.. New York. 

Young, Xalhaa. — ^Siiecinieus in alcohol, Indiana. 
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LITERARY AND SCIENTIFIC EXCHANGES. 
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LITEILiRT ANU SCIENTIFIC EXCHANGES. 



PaclcMfes received by the Smithsonian Institution from partica in America, 
/or foreign distribution, in 1869. 



ALBASV, SEW TORK. 

Regents of Now York State Uuiver- 

Hity 

New York Statu Library 

New York State AgricnJtuFul Soci- 

ProfeBSor A. Wiochell 

BALTIUOIIB, MARYI.AXI>. 

P.B.Uhler 

BOSTON, MAaSACHUSETTS, 

American AcaJemy of Arts and Sci- 

American Social Science As$ocia- 

Aoierican Stntislical Asaociation 

Board of Stat« ClmnCloB 

Boston Society of Natural UlHtorj-. 
MMsacbnactta HiBtoricol Society.- . 

Pnblic Library 

Dr. B. A. Ooiilil 

Dr. Howp, (Perkins InstitntM for 

Blind) 

S. H. Scudder 

American Association for Adrance- 

ment of Scieiieo 

Harvard College 

Mnseum of Comparative Zoology .. 

ProlesBor L. Agosaiz 

Alex. Aji^assiz 

PiofeBsor Wyman 

CHARLESTON, BOCTII CAROLINA. 

Medical Society of South Carolina.. 

COLUMDL'S, onio. 

Obio State Aaricnltural Soeielv 

Dr. W. B. SulUvant 

Leo Leaqnerens 

DOnCIl ESTER, MASS-ICIICSETTS, 

D'. Edward Jarvia 

EABTON, PE!.-NSYLVANU. 

Professor T. C. Porter 



Professor V. Poey . . 



Institution for Edocation of Blind. 

JAXESVIIXE, WISCONSIN. 
Institution for the Blind 

MILWAVSEE, WISCONSIN. 
Professor L. A. LapUam 

MONTn^AI., CANADA. 

Professor . I. W, Dawson 

NASHVILLE, TEXNE88EE. 
Geological Survey of Tennessee. ., 



5 Dr. E. & Crosier . . 



I American Journal of Scie: 

li Professor £. J. Bnisb 

I Professor J. D. Dana 

' Professor A. £. VerriU... 



i' XORTHAMITON, MASBACIICSIiJTTS. 

. state Lnnatic Asylnm 

H NEW YORK. 



I ThoRios Bland .. 
' T. 8. Bickmote.. 
K. Steiger 



rtllLADELPIIIA, I 



, Cookie 



LITERARY AND SCIENTIFIC EXCHANGES. 
Packages received from parlies in America, £c. — Continued. 
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Literary nod Historicol Society .... 


Uiut«d Stoles Coast Satvey 
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United States Naval Observatory . . 
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140 
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Packages rcceired by the Smitltsonian Institution from Europe, in 18C9, 
for distribution in America. 



Al'wn.v ItiBtitiitc 

Biin-uii of Military Statistics 

DiuIIh.v Olistrvatory 

New Vork SInte Agripnltiiml Society 
New York'State Cabinet of Nntnral 

History 

Xen- York Stale Library 

Xew York Stale Unlvetsit; 

Hon. Francis C. Barlow 

Profc»Hor J. Hall 

Dr. Thomas Hon 

AUnEltST, MASSACnUBETTS. 

AmUerBt Collpge ..-.. 

ProfesHOT E. Hitchcock 

Professor p. TuckcnuBn 

United States Naval Academy.. . 

*.\S ARBOR, MICH lO AM. 

University of MichigMi. 

ObHervatory . 

Dr. RomingeT 

J.C.Watson 

Professor A. Winchell 

iTHE.SS, lUJNOlS. 

Professor Elihn Hall 

Ohio University ,.., 

AUSTIN, NEVADA. 
Dr. J. StoKh 

BALDWIN CITY, KAX9.1S. 

Baker Univeraity 

BALTIMORE, MARYLAND. 

Maryland HiHtorical Society 

Peabody lostitnte 

Cuivemity of Maryloiid 

Rov. E. A. Dalrrmplu 

Profossor 8, S. Haldeman 

Dr. J. G. Morris 

Dr.P.R.UhleT 

BEmLEnCM, PENNSYLVANIA. 

Dr. CliaiU'S M. WothcriU 



4 niinois Katnral History Society.. .1 
BLOOMINOTON, INDIANA. j 

Indiana State University ■ 



BOSTON, MASSACHUSETTS. 

American Academy of Alts and Sci- 

; AmcricaDgocLil^i'irnce Association i 
i Americun Stalislirol Association .., 

' Board of State Charities .' 

, -Boston Athena-iim 

I Boston MercnntileLibraryAsBoeia- 



^ Boston Society of Nataial History 
"■ ' Bowdilcli Library .". . 

I Geological Survey of MassachnsettK 

ii Massachnsptts Historical Society. 
, ' Massachosetts Instituto of Tecfa. 

j tiolojry 

:i Massachnsctts Six'iety for Preven. 

tioD of Cmelty to Animals 

. I Massachusetts Teacher 

I ^ New England Historlc-Genealogi. 

j ' cal Society 

, North American Review 

[ Perkins Institute for BliDd 

' ' Prison Discipline Society 

Pnblic Library 

State Library 

, Rev. W. H. Alger 

Dr. Bn-wer 

C. G. Brewster 

; William Brott 

I ! J. L. Clarke 
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UUlou, Norfolk C< 



Old UiHioo, Grud Travi 

Li tchUdil. Litchfield Co 

OlHpgo, Allti^nCo . 

<>::tonaa;oD, Ontoiuuzon Ci 
IVnneTlvMila Mine, Ke 



lluakwoD. Uuekccon Co 
Sueur lalaiid, Al|Kiia Co 
CoTdnater, Branch Co. . . 
lloniSBtrail. liwiilo Co . . . 



Central Mine, Eewc 



Aflnn, WnsbinetoD Co. 
SsukCpntrc, SivamaCi 
MinncapollB, Hennepin 



Fero*ld,CH 

Gardiner, R. 1 
GiipIlll.G.W 



aau. Edwin .... 
[li.HowudD.. 
It, Silas 



Sooduan.WUUamK. 
Han^ew^lohn K.... 
Jourdao. Pror. C. H . . 
McCormlck, James O 



Cn1d«eU,Ji>hiin.. 
Cunninffbam, Grorge A . 

I>owbnnt,Rcv.E. 

Draper. Juseph, K. D . ■ . 

Falh)n,Jobn 

Hopkins, Prof, A 

Merriam. Sidney A . . 

Metc«li:j.G 

Sll«n.HiT.Elis«..., 
NcwGoinb.GDiirord8 

Kdann, 9. Aucaatas. 

Perry, Kev. J. B., and 



Rodioan, Samuel . . 

Snoll. Prof. R S . . . 
Tco1o,RoT.A.l£.. 



1133.33, 71 33U.97.. 



Atbij, C. P 

BnUanl, R 

Cbane.Dr.UlltoD... 



lil^l, . 



II. II 

,jD«phD... 

Paltlson.H.I 

I'anlon, J.W 

iSuutliworlb, M. L... 

Slrenx. I.. ^ ...'".'.'.'.'.. 
Snillh. Rev.RforEoN... 
Whelpley, Uin Helen I 






r.,JtMn.B.F 44 SO 



14 48 03 10 

lEsIimatod. 
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Rorhmcr, OlinaW Co 

UwIfIIb. WiiU«waCo 

S»int PiraLKaniiiryOo 

While Uanh Kewmt'D, BeokfT 

Sew rim, GroirnCB 

Barn Bay. Lake Co 

SlMey.SlUi-yCu 

KvDiiilu, UcLhhI Co 

Marion. LsnitmlalpCo 

Cf^qmbiu, Lowi^dev i29 ------ --- 

Near Dniokhnveii. LawrenoDCo 

Nalcbei, Adams Co 

Gn-nada. TalabrnibuCa. 

Bnwkhaieu, Lawrence Co 

Xear PauldlDg. Jaaper Cu 

St JoMph. Buebanan Co 

HarriaonTtllp. Ca« Co 

JtlD^naa Cl(v. Cole Co 

.\lleDlowa. SI.LoDiaCo 

Eul Prairie. MlHlii^ppi Co ... . 

UermlUin', UlrkoryCo 

AVarrenanarff, Johnson Co ...... 

Near Holla, phfips";;;':";!'.;; 

Uematiti'. JeOt-noD Co 

m. Louis. Si. Loals Co 

Kc.vtovUle. Chariton Co 

BtiiilanCIIT. ChonteaaCo 

Deer Loilge City. Deer Lodse Co 

KichlaDcl. Wufalpelan Co 

Dakota Clly. Dakota Co 

Kear Uellevne. Sarpy Co 

Dpcalnr. Biu-lCn 

Gleodnle, Caaa Co 

Fonlaortle. WaahlDnon Co 

Iltnekblrd Ullls. Burt Co 

IVni. Nemaha Co 

Scbrmka Clly. Otoe Co 

De Kolo, WnHblDITLDli Co 

^'ebraska City. Otoe Co 

nw UAHTStltBE. 

Tamwurth. Carroll Co 

StnllConl. Co.m Co 

Ditnbarton. UerriniBckCo 

flnaih AniHn. Ilillaboiv'Co.... 

^VhiteHcUL Cuos Co 

Hbelbnme.CMMCo 

Korlh Darnsteail. Bolkuip 
Cnicunl, Uerriniask 

Chester Township. Burllngl 



Rarrison, 0. E . 
Mllmiui', Alfrei 
Margihy. W. W 



IVoodbi^, C.W.. iC, E. 



Bnllud. Rev. H. . , 



PoUock, Rev.J.E... 



Slnntebeck. KeT. F. H.. 
and Kev. I. Sttaetoiana. 
Vtatcb, Charles 



Bowen, Johns... 

Brown, U.H 

r:aldwelL Urn. K. 



UcEeniin. J. M. . 
Potlinicet'. J. M . . 
SelltCharlea..... 
Zalaner, P 



IT SO 
47 19 



|;l^ 



Kiilder. I^D... 



Wheeler, J. T . . 
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Nkw Jkhsit— Continued. 

PolemoB. PomnlcCo 

TMnlon,Mer«TC<k 

NewflflJ, (lloucciln-Co 

Kradingtou. Uonierdun Co 

Mt'cliaiii.;Bvi1Le. Haul«tdoD Co .. 

Xew IlrnniiwiclE. Miildlvs 
Yinolaod, Cnmbcrlsiul C<i 

New <li;rm»niown. Hunterdon Co . ... „ 

Bio Gruule. Cupi- Umy Co | Palmer, Mlw .T. R 

Urecunich, Cumberiiiiid Co" '.'.'. Shepparil, Min It. C . ! 

Dovfr, Morris Co ; Sliriwr, Hnwatil 

fiework. £«««][ Co I WbiloLowl, W. A 



Brwika, 'William... 



T, Uwr, 
. Hubniurk, I.E. 
. Inimin. l>r. J... 



Uilo, Yi 

SoiHliT 



It AnI 



I, Thim 






MinacUte, Mi 



Fort Eilwiinl, n'iialiinstan Co. 



Near Uciiauville. Jea«r»o Co . . 

Hudaon. ColonliiaCo I 

Koar KluEstoa. on llie Hndam. i 

outer Oi I 

Nichola. TlofwCo 

South Hartrord, WaablDgUni Co i 

BufllilB, Erii' Co 

Newark VnllPT.'nafla Co 

Vow I'urh, New Turk Co 

Cooneratowu. Ot«no Co 

Flatbnak, KinpiCa I 

Oawrgo, Uiwei^i Co I 

Hocbi'ater. Moniw Co ! 

I,ocu«t (irove, Lewla Co... 

Lodlovvllle. Teomkln* Co 

New York, New 7ork Co 

North Volney, Otwveo Co 

Sloanarllle. &lio1wTi» Co 

Cennnntown. Columbia Co 

Gauri'nH-ar.^SI-LBirri'Uco Co.. 
New York, N.w York Co. . . . 
Brookbaven. SuOblk Co 

Caa-novlB, Uullaon Co 

<hic>Lila, Mudlnoii Co 

WuleTlHirs. TuninklnaCn 

Whit.- PUiina. Wolclii-aliT t'o. 
K. Uatnnioud. Kt, LawreucoCu. 
Uuuacvllle, Lewli Co 



. Uabsr, C 

. Barruim. CBiilaln SI 

.1 UBMlett.E.K 

.1 BuHlDff.John'nr.... 
. Codry. l>Rir. James 3 

. IhhiVfrnr.C 

. Edwnrdii. Dantrl 

OnrdincT.J.H 

UoacU 

IlaclirnbeTS. Dr. Q. F 

Uendrioka, 1>. B 

Howrll, Roben 



. MrrriU.J.C 

.1 Mi-ironiloBlciil obai 
.{ Horria. MImE ... 
.1 Moltla. Pn.r. a W 

.1 PaHrick. J. M.... 

., Fi.tter.O.W 

. Roe. RfV. R. W . . . 

., ItuncllpCU 

Kutmra KiMuale Ci 
. Smith. E. A., 

■ I Konlo,^ri<f. Wllliai 

.'i ■^owbri'dwlD!!"! 
., \VllllmO.It 

:i Talv, WaltcrO!!' 



W 37 IT 74 1 33 

13 IM 70 30 

13 31 30 1J SI 

WWW I 7n3D 



1* T.lt ' 
, H.T.K. 
I ll,T.lLj 

'. ttT^lL 



ax 11. 
■ '^'- I 

. T. It. 



Ooldabom, Woyse Co. Ailanu. Prof. E. 'W .. 

Near StatOBvUl^. IredeH Co AUIkhi. Thmuaa P... 

AaboTiUo, Biinromhe Co AUon, EilwanI J .... 

Italciih, Wnke Co > Un-wer, Flak P 

AaheriUi>. Uunrouho Co i Itunly. l>r. J. F. E... 

Uironl.GnnvlUeCn Uleka, William It. . 

Hill. KlanlvCo ' 



Chanel 
Trinity C „ , 
Mi.llfive. Wnyuel^ 
Ki'iuiUHVlllc. UnpllB Co 



...I h 
,. P 



Chappilim.OrwiMc'eo I Patrick. Ilof. 1). H... 

T!"-f!S '^VSr^lh^-^V ''-"■ 1 1 P«t«ll. B. D 



^2j* : iLT. 

I ■ T.n. 

CM". T.n. 



7C I too T. It. 

I 7 J a I «- B. T. R. 
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H Caboleca— Continned. 



Bethel, ClcnDont Co 

Stenbenville, Jeffenon Co .... 
Little HuuDluln, Gvaoga Co . . 
W™ierrillc, Fmnkliu to 

€iiH-£uti, UamiUoD Co 

Sprln^flchl, CJarkCo 

SmithvUk-. WbjmCo 

KetlrvK Island, £tIs Co 

ClrTrland, CajrabDjE* Co 



ilillsGuni, UighlaiHl Co 

(iilin-m'. Tiiaearawas Co 

North Itau Island, Ottawa Co. . 
Uarjiarpttn Tovnthlp. Erie Co. 



Uambier, I£dox Co 

Mllnenvilla, Gnenuwy C 



tUaaport, PIclcawa 

ana, Champoi^ Co 
»t4™, Wayne Co . . 



«'S^!'.- 



PlutiiUvillB,ChfBtwCo.. 
Carllalr. Camberlonil Co . . 
PlymoDtta MMtlng, MDntgomeir 



Foropiwu. ChMtcr Co 

DjbnTy. WajTioCo 

IbrrlaboTK, Xtaaphln Co 

Km PcDSsTllle. ClMirflelil Co. . 

BtnoDinj; Giovr. Pike Co 

Fallalnnifln. Backs Co 

Hirrlstnirg, Danphin Co 

Uuntit Joy, LancaitcrCo 

Bruirnivlllr, Fa3:rttoCo 

Ix-Hisbore, Union Co 

PJilladfllphta. PhilailelphlaCo. 

WbitchiUl. LthlKbCo , 

:-.i>irciwU«,l*wrenM Co 

Wratchnter, Chester Co 

Urrmantoiiii, Phibdelpbla Co. 
WllUanitport, Lycnnlng Co... 
PhiladFlphla. PeiladelpTiia Co. 

Johnstown. Caoilirto Oi 

Kraaing, BfrksCo 

CannnslnirK, Waahlnictoa Co... 



I ip 



IVrav. A] 
raj-lbr. 1 



Dnjlo, Josnnh B' 

Fw-riss,!!.* 

Uay wool), Proi: J .... 



UunllnEilon, (ieorg 
Mydr-CuaUvnsA 



.1 41 35 41 
. tl 30 
. 41 33 

'l 39 13 



CI3 19 i: 
«)40 



Phillips, R.C 

Sh™™rklMUVB" 
iimith, I)r. C. H .... 
Stllhroll. C. A., a 

Thompson, Bt>T.D... 
Trombley, Dr. J. B .. 
Dr.H.A 



WlUluns, ProT. ii 



Bahfr. WmiamS... 

Beptky, E.T 

Brackhort, H. O.... 



l.OOJ T. U. t 

T. I 

190 T. IC . 



ConoD, U. H 

DitrUngton, P.... 
Day, Theodore... 
£«&, l)r. VVillian 
Fi'nton, Elhha... 



Hoabr,I>r.J.R.and[T.K. to t 
UiiliKDr.J. Allen.. .. 40 
James, Pmri'ssor C. S . . I 40 » 
KIrkpalrUik.Praej.A. ] 39 f, 



pi-elor. Dartil . 



13 38 
W ii 

IjX 3 

77 30 



3fl a T. It. 

'...... T.K. I 



Spera. W'llliani U... 



; AboTu Lake Erie. 
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Ifanw or oboerver. 



FiimsrLVAMU— ConttDoed. 



(irmaDlown. Phi^lslpii'la'Cc 
VotintalD Dele. AikniaCt)... 



NcwiHiri. Kcwport Co, , 



I ri^ 



Alki'D. BarnveilCo 

Evcrgntcu. Andenwn Co , . 

CaanTuD.KcnlutwCD 

Alkon. IlaniwenCo 

Wilkiiuilll«. UDfoB Co . . . 
Fort UlU, Tork Co 



. Barl(<,li.S 

-- r»t,C»liD. - 

_ jlvd. IJr.W.F... 

. l>ett;, Cliariai 

"7riag^E.A.,Jr 



MempLU,SI>ell)yCu.. 
Tn-L ton, Ci boon Co,,, 
EliialiethUa, Carter Cc 
KnoivUlcKDoiCa... 
ClsrkgvlUc. MoDtgomoi 



Kil<«tini), Amlfnmn Co 

K(.itrl>aliiis.Di]liiaCo 

Bcllouit, Fall* Co 

\earGilmrr, Upalinr Cu... 
Lavaca, Calbonn Co 



Conltillr. Summit Co 

Waanlifp. Humniit Co. 

HaiTiHliiirB, Wa»iaiiBt4mCn.,, 

Siili Lokv City, Sail Lokc Co! '. 



LuuvnbuTK, Emfi Co 

WMKtUork, WlnilBor Co . 

Harod, Culrdoola Cu 

llunliinl. Wmdwir Cu . . . . 

B.-indul|i]i, Orau;!!' Co 

MuldlnEHII7. A<niiHii Co . 



. Bul«r, UluE... 
'-'Bilfy.Dr A.U 

Mwfck.J.B... 



Ulawr, J. U.... 
Mealou.L.D.,. 
MciTlll, Dr. £ . . 



»30 

83M 



Van Mo^trand, J 


iSSS 


msB 


09) 1 


SSaSV*-."..-.:;: 


..' 39 










Bullock. Thomaa 


:;;.«« 


III 








lis* 

fjlO 


iio 

«9K 
CM 






Bart»,D.C.4.M.E ., 

ItDCklaDd.II 

Ci.rrirr.j'.M 

gaSSf::-: 

Pain.'.CS 

Wild, Iti^T.E. P._ 


::,«» 


Wmg, MImM. E 1 1 
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SUIlOD. 


NamoofolMBTVtr. 




1' 


1 






^v'i^uf'^Xco'''^''^ 






70 50 

77 so 50 


tVttl 






1^400 iKT.ILl 13 

40- n. T. IV 13 


UMDt Huln;.. .UgotU Co 


Ckrlce.DrJ.'T„& Mlin a 3^ IT 

Jo^'b^mVu'V:"."] 37 10 

UbtUd, Willlaiii A 3H 50 

McrlrFthpr,Chiirii»I...l 31 ID 

Sfsaii::::.:::::!Sg 

Goffbcr, W. n 3TW 

l!3rtt.V-.:::::iS.! 

Si^^^Pn^lLM J313SM 


Col(.eo HomftSumr Co 

Ur^-haDle>*lll<\ Fuiiniiicr Co. . . . 
>'iMrLyiirhbnrE, Bc-itanlCo ... 


liWSife'.Vi;"'.?:::: 


1,000 

Mi' 

i.aw 

00 
400 


iit 1 li 


AiUanil. Uanov.r la 


aiMt.' 1 






Niar Pieilmonl. Fuuquior Co. . . 
N™rViooiu».Fiiirf».Co 


Wdllanu, FrankliD... 

Williaiii..a-C.,*:MI» 
L. K. TUrifl. 

SampHii. AlexaudiT U 
Slnuoon.. A.H 

Hill.jBTobl 


3S5D 


77 13 


t:k. i s 

1 
J 


Wilb-Wulla, W.U.-lVallB Co. - 
WEST nnjixu. 


40 S 


LIS 53 


I.DOO 


T.R. 2 




Rofffl.C.L. 1 38 30 

8lu^p,Dr.W.H j 

Bnwd.E.E ' n 51 

Ciirti«.W.W wao 

Dunli-llii. Pror. W. W . . . « S 
Uc Lyccr. Jnliu 43 3G 


ea 10 

B.1 37 30 

W 
tf7S0 10 

H8 7 


HM 

'070 

eo4 
«w 


T. 




WbiU- D.y. UoDgaliiCo 

mscosaui. 

&,!^.^3rr£'::::::: 


» 










aSSiW-Tt^ci:::::: 

IVaopjixa. WaapBCcnCo 

gtiSSteRr*::::::: 

llaytlf Id. BBva«lil Co 

!Ka,SS.li.-6.-.::;:.:;: 


^&E: 


43 3 

44 90 
43 41 


B.T. 8 

a Tin. H 

T. 13 








«3«7 1 


W4S 1 



..T. 








a 



Dr. J. HoImIv, RarriabuTT, PduutItiuiId, Scptt-mber 18, iCfft. 
i:rv. OiuiiFl bnnt, Pomrret, CoUDecllcut. Julv 3, 1?69. 
Bpt. li R. WUUanw, LoilDStoii, Eenlncky. July — . IMD. 
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METEOELOGICAL BEGI8TEES. 



ColUycs and other institutione from which meteorologwal regiiitera were re- 
ceived during the year 1869, includ<A in the preceding list. 



Novn Scotia... 

Alabnma 

Arkaiiuw 

Ciilifbmia. ... 
Connoctiuat -- 

Oootgia 

lllinoU 

Indiana 

Kentucky 

Maryliknd 

ftlnaaochuaetta 

Micbignn 

MisBoiiri 

Now IIamp«bir 

New Jersey . . . 

. Sow Ynrk 



Nortli Carolina, j 
Ohio 



PennEflvu 

TenneesW). 

Toxos. ... 
Vtrraont. . 

Virginia . . 

WiBconain 



Acadia College 

Greene SpriugH School 

Nonual School 

Pacific Metliodist College 

Collegiate luetituto 

Wesleyan Univereity 

Mercer UnivetBit J 

Lombard Uni verity 

Northwestem University 

City Uuepitol 

Indiana State University 

Cornell College 

Griswold Collpgo 

Iowa State University 

Agricnltural College 

State UnivetBity 

Sayre Institute 

Mount St. Mary's College 

Amherst Collece 

Stato Lnnatio Hospital 

Williams College 

State Asricnltural College 

St. Louis University 

St. Paul's School 

Bulger's College 

Columbia College 

Erasmus Hall Academy 

Institute fur Deaf and Dumb 

Fort Edward Collegiate Institute 

Oneida Con lerencc Seminary 1. 

Observatory, Central Park 

Rockland Female Institute 

Rutgers Female College 

Tiinity College 

Ooldsboro Female College 

University.of North Carolina 

Webster Inst) tnte 

Ken yon College 

Mount Auburn Young Ladies' Institute. 

Otterbein University 

Urbana University 

Woodward High School 

Beaver Seminary 

Jefferson College 

Lehigh University 

Lewtsburg University 

East Tennessee University 

Lookout Mountain Eklncational Inst... 

Stewart College 

Tnsculnm College 

Institution for Deaf and Dumb 

Normal School 

Woodstock Academy Natural Sciences. 
Institute for Denf, Dumb, and Blind. 

Randolph Mneon College 

Lawrence University 

Stato University 
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METEOBOLOOICAL MATEBIAL. 



Academic Imp6rialc des Sciences de 8t, Petersbourg. — M^moii-es. VII 
Scries, tome xii. No. i. Uiitersucbuugen iiber CutiKtitntioii der At^ 
mospbiire und die StrahlenbrecUung in derselbeD. (2'° Abbandlung.) 
Von Dr. H. Gylden, 18G8. i° 57 pp. 

Academic Boyale ds Belgique. — Observations des pti^oom^nes i>^riodi- 
qnes i>endnut les ann<5e8 1805 et 1866. (Estrait dn tome xxxvii des 
M^moires.) 4° 74 pp. et CO pp. 

Ackermttnn, Pro/esiior. — Newspapers containing articles ou tempera- 
tnre and rainfall of Port au Prince, Hayti. 

AmiralianHorticulturaland Agricultural Society. — JIort:iculluraI Maga- 
zine and Gardeners* and Amateurs' Clironicle. Containing meteorologi- 
cal obseiTationa at Yarella, Concord, New Soutb Wales, by A. Steplieu. 

Baird, Pro/easor S. F. — Newspapers giving accounts of tbc great 
storms in New England in September and October, 18U9. 

Bartklt, E. B. — Ueview of the weatber at Palermo, New York, duriug 
the year 1808. (Newspaper slip.) 

Record of period icid phenomena, arrival of birds, &c., at Palermo, 

New York, for nineteen years, from 1851 to 1869, inclusive. 

Bath and North of England Agricultural Journal. — On the temperature 
of the sea and its influence ou the climate and agriculture of the British 
Islea. By Nicholas Whitley, P. M. 3. {Keprinte<l by permission.) 8o. 
36 pp. London, 18<!9. 

Boardman, G. A. — Thermoniefrieal observations made on the St. John 
River, Florida, between Jacksonville and Enteiprise, during the months 
of January, February, March, and April, 1869. 

Brukm, Dr. C. — Kesultate aus deu meteorologischen Beobacbtungeii 
nugestellt an den Ittiifundzwanzig Kuniglicben Sa^-bsischcii Sttvtiouen 
im Jahre 18«7. 4°. 71 pp. Leipzig, 1809. 

C. K. Towarzystwa Nankoic, Krakow. — Materyaly do klimatografii 
galicvi, zebrani przez sehcyi meteorologiczna koiuisyi i)rzyograftczQe) C. 
K. Towarzystwa Nankow. Kok, 18ti7, 8°. 209 pp. llok, 1808. Sq. 253 
pp. 

Campbell, Prof. — Barometrical reports for the months of March, April 
and May, 1869, at Washington College, Virginia. 

Clingman, T. L. — Notes ou the climate of Western North Carolina. 
(Printed slip.) 

Coe, Charles C. — Meteorological register kept at flood's Eiver, Oregon, 
during the years 1805-'60-'67 and 1868. 

Collins, Colonel. — Ilourly obser\'ation8 of the thermometer from 4 p.m., 
January 4, 1864, to 4 p. m. January 7, 1864, at Fort Laramie, Dakota 
Territory. 

Corbett, Hon. H. W. — ^^'eather record tor eleven years, at Portland, 
Oregon, from 1S53 to 1S68, inclusive ; kept by Mr. Thomas Frazer. 
(Newspaper slip.) 

Crosier, Dr. E. S. — Meteorological registers for November aud Decem- 
ber, 1865, at New Albany, Indiana. 

Dall, W. H. — Translation of meteorological register kept at St. 
Michaels, Ikagmut, and Nulato, Bussian America, during tbc years 1842 
and 1843. 

Daubr^c, M. A. — Experiences synthctiqnes relatives anx meteorites. 
Paris, 186H. 8°. 68 pp. 

Davenport Female College. — Meteorological report from the Daven- 
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80 METEOBOLOOICAL MATERIAL. 

Ijort Female College, Lenoir, North Carolina, for tbe months of May, 
June, July, August nnd September, 1869. 

Dove, H. W, — Ueber den Sturm vom 17 November 1866, von H. W. 
Dove, aus dem AbhnndUingeu der Koniglitihen Akademie der Wissen- 
schaften zn Berliu, 1867, {mit 2 Tafeln.) Berlin. 1868. i°. 49 pp. 

Eldridge, W. V. — Abstract of meteorological observations at Gol- 
conda. Pope Connty, lilinoia, during the yiar 1809. 

Ellis, Jacob M. — Review of the weather at Philadelphia for each 
month of the year 1869. (Newspaper slips.) 

French, J. B., agent Winniptsscngee Cotton and Wookti Manvfacturing 
Company. — Itegister of rainfall at Lacouiaatid Lake Village, New Hiimi>- 
ubire, during the year 1869. 

Galle, Profemor Dr. J. G.— Ueber die Bahn des am 30 Januarj- 18C8, 
beobachteten und bei Pnltulsk im Kiinigreiche Polen als Steinregea 
niedergefidlenen Meteors durch die Atmosphiire von Professor Dr. J. G. 
Galle, Director der Sternwarte zu B'reslau, 8°. 43 pp. 

Ooldertcke, 0. J. — Famphlets and newspaper slips relating to the 
climate, &e., of Colorado Territory. 

Goulier, C. M. — Etudes gi^ometriques sur les 6toiIe8 filantes. Metz, 
1868. 8°. pp. 154. (Extrait des M<!moirea de I'Acad^mie Impi^riale de 
Metz, anri^, 1866 et 1867. 

Grayson, A. J. — Meteorological observations, aud remarks upon the 
climate of Mazatlan, Mexico. 

Haidtinger, W. ffitter jron.— Elektrische Meteore am 20ten October, 18G8, 
in Wien beobacht«t. Bericht von W. Ititter von liatdinger. wirk- 
lichem Mitgliedo der Kaiserlicheu Akademie der Wissenscliafteii. 
(Mit 1 Tafel.) 8o 12 pp. 

Der Meteorsteinfall am 22 Mai 1868, bei adavctic. Zweiter Beri(!ht 
von W. Bitter von Haidinger, Mitglicde der K Akademie der Wiaseu- 
schaften, (mit 1 Tafel und 5 Holzschnitteu ) po. 12 pp. 

Der Meteorsteinfall von Sclavetic in Croatien, am 22 Mai 1863. 
Vorliiuflger Berictit von W. Kitter von Uaidinger, wirklichem Mitgliede 
der K Akadmic der Wissenschaften, 8°. 7 pp. 

Huntingdon, G. C. — Climatalogy of Kelly's Island, Ohio. (Newspajwr 
slip.) 

Report of proceedings of Lake Shore Grape Growers Association, 

containing address by George 0. Hnntingdon on " Grnpe rot and the 
weather." (Newspajjer slip.) 

Ingram, Dr. J. — Record of periodical phenomena at Viuelaud, New 
Jersey, daring the year 18C8. 

James, J. W. — Summary of meteorological observations during the 
year 18C9 at Riley, McHenry Connty, Illinois. Also summary trom 
1861 to 1868 inclusive, and for each month of 1869. 

Jones, Bet^amin W. — Synopsis of meteorological observations made 
during the winter of 1868 and 1869 at GottAge Home, Surry County, 
Virginia. 

Kaisertiche Academic der Wissenchaften, Wien. — Die Temperatar-Ver- 
hiiltnisse der Jahre 1848-'63, an den Stationen des osterreichischen Be- 
obachtungsnetzes, durch fiinftiiglge Mitt«l dargestellt, von Dr. C. Jeli- 
nek. 40. 140 pp., 2 Tafeln. Wien, 1869. 

-— Erster Bericht der stJindigen Commission fiir die Adiin. 8°. 122 pp. 
Wien, 1869. 

Kongliga Scenska Vctenships Aeadmnien, 8tod:holm. — Meteorologiska 
lakttagelser i Sverige. 1864, Sjette Bandet. Obi. 40. 192 pp. 1865, 
Sjunde Bandet. Obi. 4P. 18C pp. 1866, Attonde Bandet, Obi. 4to. 
182 pp. 
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KaUerXich-Koniglische Central Anstalt far Metmrologie und Erdma/piet- 
tnu,— JalirUlclier von Dr. C, Jelinek. Neue Folge, iv Bnntl. Jabr- 
giiiiK, 1867. 40. 2L'7 pp. Wien, 18G9, 

KainerUchKunigliche Sternwarte, Vienna. — Aiilpjtung znr Anstelliiiig 
meteorniogisehcr Bcobaclitnngen mid Sammlnug vou Ililfstiifelii, mit 
Wsonderer Ituck^icbt auf die metcorologischen Statiouen iii Oester- 
rcicli and Uiigarn. Von Dr. Carl Jelinek. 8°. 173 pp. 

— Normalc fiiiiftUgige WUrmeinittel lUr 88 Stntiuiien, lK>/.ogen nut 
den L'a-jJihrigen Zeitraum 1848-'C7. Von Dr. Carl Jelinek. so. 43 p|>. 

— Beobaclitungen an der K. K. Ociitralaustalt fur Mctcorologie nnd 
EnlinagDctisRins. 80, (J4 pp. 

Lfipham, Dr. I. A, — Atmospheric tide at Milwaukee, deduced from 
hourly olwrvations at tlie time of new moon in October, November, 
and De<«nibpr IStiS, and January and February 1SG9. 

— Dates of oj.iening and closing of the Milwaukee Eiver from 1836 to 
1S69, inclusive. 

LttU, Jantes S. — Meteorological registers for 18C0 to 1SG9, (i>ortion ol 
previon.srccordinterruptedby thewar ;) also, a table of rainfall from tbo 
1st of May, 1S5;J, until January 1, 1870. 

Loehr, Charles H,, United Statin consul, La Oiiayra, Ecuador. — Statis- 
tics from the tjnited States consulate at La Guajni, South America, iu- 
cloding particulars in refcreiioc to earthquakes, meteorology, &c. 

Mapes, H. H. — Manuscript rcimrts of the weather at various points 
in Kalamazoo and Allegan counties, Micbigan, during each month ol 
the year 1859. 

MeAvlap, John P. — Tbermometrical record kept at the Louisiana 
State Seminary, Alexandria, Louisiana, during the months ol' October, 
November, and December 1868, and January, February and Manli 1869. 

McCall, C. — Monthly rejiorts on the weather at Catblamet, \A'auJiia- 
kum County, Washington Territory. 

iTcrriam, C. C. — Manuscript meteorological rejMjit for January and 
February 1869, at Leyden, Lewis County, Sew York. 

Merriam, C L., Leydca, Xeic York. — Newspaper slips containing re- 
marki^oii the weather. Monthly. 

Meteorological Obserraton/, Brisbane, Queensland, Australia. — Published 
meteorological report for April 1869, 

Meteorological Office, London. — Charts of the surface temperature ol 
the South Atlantic Ocean in each month of the year. Folio. 21 pp., IJ 
charts. London, 1869. 

— Report on the meteorology of tbc North Atlantic, betw een the paral- 
lels of HP and 50°, as illustrated by eight diagrams of observations taken 
on boarti of the mail steamers running to and from America, with iv 
marks on the difi'erence of the winds, &c. Hy Captain II. Toynbee, 
F.R.A.S. 80. 8 charts. London, 1869. 

— Keport of the meteorological committee of the Royal Society for the 
year ending December 31, 1866. 8^. 72 pp. London, 1869. 

Meteorological Society, London. — Proceedings issutnl monthly. Svo, 

— Meteorology of England lor the qujirter ending September 36, ISCS. 
By .Ianif« Olaisber, president Meteorological Si«'iety. 

MontroHC Ifatural History and Antiquarian iiocicti/, Montrose, Scot- 
land, — Report of the directors for 1868, containing a nieteorobgiea! 
register for the year. 

Mos», 0. 7f.— Summary of meteorological observations at Itelvidei'e, 
Illinois, during the year 1869. 

Muhnj, Dr. .Idol/. — IJntersuebiuigen iiher die Tbeoric und das allge- 

meiue geographische System der Winde. 8='. 2^)1 pp. Cottiugeii, 1869. 
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Naturalkte Canadien. — Containing meteorological observations at Port 
Nenf and Montreal. 

Saturforschende Qeaellscltaft, Basel. — Verhandlnnpen der Xaturror- 
HCbendc'n Gesellschaft in Basel, 1869. Containing: Berichtubereiuige 
Blitzschlage. Von Ed. Hagenbaeh. 

Naturforscher Verein su Riga. — Correspondenzblatt, W" .labrgang, 
18C9. Containing meteorological observations at liiga, from Septeiubor 
18C7 to July 1808, (new stylo,) inclusive. 

yaturwi8sen»<^ftliclie Qcsellschafl, St. Oallen. — Bericht ilber die 
Tliiitigkcit der St. Gallescben Katnrwisseuscbaftllic;ben Gesellscbatt 
■wiibrend des Vereinsjahres, 18C7-'(iS. Containing : Eiuige Erfabrun- 
gen iiber kliraatiscbe Kuren und Knrorte, Von Dr. W. Steiolin. 

Nelson, S. Augustus, Oeorgetown, Massachmetts. — Newspaper accounts 
of tbe great storms of September and October, in New England. 

Obsermtoire Imperial de Park. — Atlas des mouvements g^ni5raus <le 
l'atmosi)elire. Ann6o 1805 ; Janvier, F^ivrier, Mars. Obi. folio. W 
charts. Atlas m^t^rologiqiie, 1807. 

Obsertatoire Royal de Bruxelles. — Annales m^ttknologifjnes. Briix- 
ellea, 1808. 4°. 104 pp. 

Osservatorio del Beat Collegio Carlo Alberto in Moncalieri. — Bulletiiio 
meteorologico del Osaervatorio del Real Colligea Curio Alberto in Mon- 
calieri, con corrispondenza del Osservaturio del Sctninario di Alesssan- 
dria. Vols, i, ii, iii, (180o-'0«-'07-'08,) 4^. Vol. i, lUO pp. ; Vol ii, 112 
pp. ; Vol. iii, 104 pp. 

Paine, B. T. — Meteorological report for October, at Boston, Massacbu- 
setts, Xewark, New Jersey, and St. Paul, Minnesota. {New8pa|)er slip.) 

Parker, J. D., Steuben, Maine. — Newspaper accounts of tlie great 
storms of September and October, 1809. in 5lainc. . 

Printed abstract of meteorological register for ISGO, at Portland, 
Maine, by Henry Willis. Also newspaper slips for several months of 
1859 and 18C1. 

Pearce, T. — Weatber reconlforSeptember, 1809, at Ela, Polk County, 
Georgia. 

Petterson, P., hospital steward, United States Army. — Table of mean 
temperature, humidity, and rainfall, at San Antonio, Te-tas, during tbe 
years 1808 and 1809. 

PJantamour, E. — R^sHm6 m^t^orologique de l'ann<!e 1800. i>onr 
Oeniive et lo Grand St. Bernanl; par E Plantamour. Tii'e des Art-hives 
des Sciences de la Biblitiothcque Universelle, Geneve, September 181>9, 
8°. 232 pp. 

— Itesum*! miSt(5oroIogif|ne de I'anntJe 1867, pour Geneve et le Grand 
St. Bernard. Octobre 1808. 8^. 132 pp. 

Real OKservatorio di Modena. — Sui coefScienti ozonometrici, dell' 
nmidita e deila temperatura, nota del Prof. I). liagona. S'*. 10 pj). 

— Sulle oacillazioni regolari ed irregoiari della teinperatuni, dal Prof. 
I>. Ragona. S°. 12 pp. 

— Kiduzione della pressione atmosfericaalmetlio-livello del mare, per 
gli stazioni metcorologicbe itaUane, del Prof. D. Itagona. 8°. 8 [>p. 

— Sulle variazioni diumo della temperatura e sul coefficient* di Kaemtz 
in Palermo. Lettera al cbiar. Signor A. Quetelet, direttoi-o del Keal 
Os9er\-atorio di Brussselles, del Prof. I). Kaguna, direttore del Keal Os- 
servatorio di Palermo. Palermo, 1859. 8^. 54 pp. 

— Osservnzioni su la cvajmrazione, del Prof. I>. Uagona. 4^. 8 pp. 

— Riassunta delle osservnzioni meteomlogiclie, eseguite nol Real O.s- 
sevvatorio di Modena nell auno 1800, dal Prof. D. Rngoua, direttore dell 
osservatorio. Stcasa. 4*^. 7 pp. ^ 
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— Sni caloolo dei valori medii in mctcorologin, nota del Prof. D. Bitgona, 
direttore ilell Iteal Os8er%'atorio <U Modena. 4^. 2 pp. 

— Descrizione del barometro rcgistratore del Keal Ossorvatorio di M()- 
ileuA, dtl Prof. U. Kafioua. 4". 8 pp. 

— Sulle mriazione periodieio del biirometro nol cliuia di Slihino, me- 
moria di G. V. Schiaparelli o tJ. Celoiia, i°. 31 pp. Tav. iii. 

Real Osservatorio dl Palermo. — Giornale Asti-yiioinico o Meteorolo- 
pieo, pubbl, dal Prof. D. Uagoiia. Vol. i, Palermo, 1855. 4^^. 375 pp., 
Vol. ii, Palermo, 1857. 4°. 391 pp., (three volumes iu one.) VoL iii, 
Palermo, 1859. 4^. 375 pp. 

K^io Ossercatorio dell Uiiiversita di Torino, — Bolletino meteorologico 
ed astronomtco. Anno ii, 18(i8. Oblong 4°. 7C pp. 

Roche, Edovard. — licelierclies sur les atfuacations du soliel et les in(^- 
teioroscos miqnes. Paris, 1808. 4°. 80 pp. 

Rixyal ObHerratorji, Greetiunch. — Insults of maguetical and meteorolog- 
ical observations, ISGH. 4°. 303 pp. 

Siin/ord, Pro/eaaor S. P. — Meterologieal registers for 1866-'G7-'G8, at 
Penfleld, Georgia. 

Sartoriits, lir, C. — Snr\'ey of meteorological observations at Mirador, 
Mexico, during the .vear 18C8. 

Saicger, H., United States consul. — Newspaper slips containing meteo- 
rological observations at Paramaribo, Dutcli Guiana, for the lirst halt 
of the year 1869, (Jannary to June, inclusive.) 

Schiceizeriachc Naturforschende Gesellsckaft, Bern. — Schweizerischo 
meteorologische Beobaohtuugen. 5'" Jahrgang, 1868. 4°. 22i>p, pi. 2, 
(Also September, November, December, 1808. 4°. pp. 470-022.) 

Scottish Meteorological Society. — Journal for the half year ending June 
3(), 1808. Large 8°. 47 pp. Journal for the half yearending January, 
1809, with tables for the quarter ending September, 1808. 80. pp. 31. 

Shepherd, Smiley. — Monthly means, &c, of temperature at Hennepin, 
Illinois, for 1809. 

Siaaon, R. — Me^n temperature of twenty months, commencing April, 
18C8, at FactoryviUe, Pennsylvania, with comparisons of the month of 
November with former years. 

Smith, 6., Iiospitat gteirard. United Stales Army. — Meteorological reg- 
isters for the months of July and August, 1809, at Camp Date Greek, 
Arizona Territorj-. 

Snow, Edicin M., M. D. — Fifteenth registration report. State of Rhode 
Islnnd, 1867, (containing meteorological tables, and remarks by E. T. 
Caswell.) 

Societe d'AgricuUure, Sciences, Arts et Belles- Lcttres du Depart^mcnt 
tTIndre-et- Loire. — Annales. Containing: Observations mcK-orologiques 
faites t^ Tours, par M. de Tastes. 

Sadetc d'' Agriculture, Sciences et Arts de la Sarlhe. — Bulletin. US'"" 
B<-rie, tome xi, 18G7-'08. Goutaiuiug: Observations met6orologiques 
faitesiV MauH, par M. Bonbomet. 

Societe d^ Horticulture dePAlUev, MouUns, France. — Annales. Contain- 
ing meteorological observations by M. Doumet, at Buleine, Allier, for 
u series of years, (ISiO-'CO.) 

Societe Metiorowgique de France. — Annuaire de la Socit^t^ HK-t^oroio- 
giquedePmnce. Tomeon-OjlSOy, tableaux m«5t«orologiques,fcuille3 7-11, 
8=>. 39 pp. Tome 6"% J80;J, I'euilles 1-5. Bulletin des sceanccs. 8o. 
40 pp. Tableanx m^tcorologiqoes, 8°. 40 pi». Nouvelles miStcoro- 
logiquea. Pamphlet. Large 8°. 30 pp. 

Stanley, J. H. &-:-Monthly reports of the weather (mss.) at Houston, 
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Stewart, W. M.— Diagram of the aniitial quantity of riiia fallen nt 
Glciiwood, Tenoeasve, from observatious made duiiDg the years from 
1851 to 1SC8, inclusive. (Tlio same that is referred to ou page 523 of 
Professor Siifford's retiort on the gcologj' of Tennessee.) 

Thomas, Rev. C. — Copy of monthly aggregates Irom the rain register 
kept at Fort Garland, Colorado Territory, from April 1853 to Septem- 
ber, 1809, hichisive. 

Tutailer, H. — Account of a meteorite obser\"ed near Fiankfort, Ala- 
bama. (Newspaper slip.) 

United States consulate, Valencia, Spain. — Newspaper slips with me- 
teorological records made at the Meteorological Observatory of the Uni- 
versity of Valencia, 

Vaclier, Dr. — Carte ropr^sentaut la mortalit*5 et Vetat nicl<^orologique 
do Paris en 1805. 

Verein der Freundc der Xaturgescltkhtein Mecilenburg, Oustrow. — Arch- 
ive, 22^" Jabre, 18G9. Containing Uebersecht der aus den meteorolo- 
gischen Beobaebtuugeu zu Uiorichhagen im Jahre 1807 gefuudencn Mit- 
tel, (20 Jabre.) 

VtMil, W. I. — Weather record at Vinal Ilaven, Maine, during a por- 
tion of October, 1869. 

Warren, W. J. — itecord of the weather at Chilukweyuk Depot, North- 
west Boundary Commission, from December 29, 1858, to April 24, 1859. 

Whitaker, Jl. — Newspaper slips containing accounts of the weather at 
Warsaw, Illinois. 

White, Captain A, T., United States rerenue marine. — Meteorological 
register kept on board of the United States revenue steamer Wayantia, 
cruising ou the coast of Alaska from Hay 13 to October li, 1808. 

Williams, iter. E. 0. — Hourly tbermometrical and barometrical obser- 
vatious at Waterbury, Conuecticnt, and Castleton, Vermont, (in addi- 
tion to regular ob8er\'utiona on Smithsonian blanks.) 

Zcledon, Jose. — Obscrvacioues meteorologicas liechas en la ciudad de 
San Jose durante el primer semestre de 1808. Olieiua Central de Esta- 
distica, Ban Josil. 

Observaciones meteorologicas bechas en ta ciudad de Herodi» (Costa 
Bica, Seiior Kohrmoser) duraute el auo dc 1808, 
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REPORT OF THE EXECUTIVE COMMITTEE. 



Washington, D. C, February 1, 1870. 

Tlie Executive Committee of the SmithsooiuQ Institution respectfully 
submits the following statement of tlie tiuiincial condition of Smitltson's 
trust fuDil, aud the application of the iucoino for the year ending 31st 
December, 1809, with estimates of receipts and proposed appropriations 
for 1870: 

The liequest of Smithsoa in the TJnited States treasary is . . $541, 379 63 
The Hefi^nts have added to this investment from savings, 

&c 108, 620 37 



Making the Smitbson fund in the U. 9, Treasary, as a per- 
petual loan, at per cent., on the Ist January, 1870 650, 000 00 

And in Virgiuia State percent, registered stock. $53,500 
With unpaid interest to January, 1807 19, 260 

$72, 700 
The valne of which, at the present time, may be estimated 
at 58 per cent 42, 200 80 



Total invested capital 692, 200 80 

And a cash balance in bank of 20, 969 65 



Thus making Smithson's Trust Fund, on the Ist January, 

1870 713, 170 45 



RECEIPTS m 1869. 

Interest' from the Treasurer of the United States, on 
$650,000, at 6 per cent, for the year endiug 31st Decem- 
ber, 1869 .' $39, 000 00 

Premiumonsaloof gold, at34| and 19| per cent, premium. 10,515 20 

Sales of publications 235 5d 

Sales of old and useless material 232 07 

Repayment of expenses of explorations and collections. . . 7*2 15 

Bepaymeat for freights on literary and scientific exchanges. 517 56 

Total income for the year 1869 51, 232 50 

Cash balance in bank, January, 1809 10, 352 74 

Amount available in 1869 $61, 585 30 



In addition to this sum, the Institution received tmxa and accounted 
for to the Department of the Interior the sum of $4,000, appropriated 
by Congress for the preservation and care of the property in the mu- 
seum, collected by Ooverumeut exploring expeditions. 
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8b BEPORT OF THE EXECUTIVE COMSIITTEE. 

Statement in <Ietail of expenditures during the year 1& 
BUILDING. 
For reconstruction of parts of building deetroyed 

by fii-e $1, 764 70 

For Reneral repairs of the buiidiug 2,345 25 

For I'umitiire and fixtures, eases, carpets, stoveS, 
&c 2,520 95 

OEITEBAL EXPENSES. 

For meetings of the Board of Regents 4122 00 

For lighting the building 239 13 

For warming the building 1,389 77 

For postage 289 50 

For stationery 437 18 

For printing blanks, circulars, receipts, &c 322 25 

For tools, materials for cleaning and inctdeutiUs. 328 89 
For salaries of secretarj-, chief clerk, and assist- 
ants 7, 814 92 



8,822 C7 



PUBLICATIONS AND BESEABCHBS. 

For publishing Smithsonian contributions, 4to.. $1,987 18 

For publishing miscellaneous collections, 8vo. . 3, 037 oO 

For publishing Smithsonian reports, 8vo 1, 458 55 

For meteorology, salaries of clerks and comput;- 

ers, rain gauges, and thermometers 1, 581 10 

For apparatus lor researcbejs 146 80 

For explorations, natural history, and archieol- 
ogy in Mexico, Florida, Alaska, New Mexico, 

Hudson's Bay, Alabama, and Nova Scotia. . . Gil 54 

LIBEAET, MUSEUM, AND EXCHANGES. 

For purchase of books, periodicals, and binding. $430 04 

For literary and scientific exchanges, agencies 
at Leipsic, Loudon, Paris, and Amsterdam . . 4, 860 94 

For assistants in museum, janitor, \rntchinen, 
laborers, &c 5,307 50 

For incidentals to museum, freight, alcohol, tax- 
idermy, &c 3, 513 96 

For gallery of art: Portrait in oil of the late Dr. 
Robert Hare, who gave his collection of chem- 
ical and philosophical apparatus to the Insti- 
tution 100 00 

• 14, 218 44 

Expenditures during the year 1869 40, 615 05 

Deducting this amount from the receipts of the 
year and cash in bank in January, 1869, viz: 
receipts $01,585 30 

Leaves a balance in bank, January, 1870 $20, 909 05 
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ESTIMATES ASD APPROPRIATIONS FOR 1870. 

Receipts. 

Interest on the Smith-sou Fund ia the treasury of tlie 
United States, *CiH»,000, payable Ist July, ISTO, ami 1st 

Jnmiary, 1871, at tf per cent, {,'old $39, 000 00 

Probable premium on sale of coin, at 18 jier eent 7, 020 00 

Interest on Virjrinia C per cent, stock, 1S09, 2 per cent 1, 451 00 

Interest on Virginia C [kv cent, stock, 1870, 2 Jjer cent 1, 45-1 00 

Sales of useless property, &c 000 00 

Income for the year 1870 40, 428 00 

APPBOPEIATIONS FOR THE YEAR 1870, 

For general expenses 812, 000 00 

For publications and researches 15, 000 00 

For museum and collections, not inclnding the 
apropriation by Conpiress for care and i>re- 
aervation of the Wilkes and other explor- 
ing expeditions 0, 000 00 

For lit«rary and scientific exchanges 5, 000 00 

For building and contingencies 5, 000 00 

43, 000 00 

EXAMINATION OF ACCOUNTS. 

The committee examined 497 receipted vouchers for payments made 
during the four quarters of the year 18C0. In every case the approval of 
the secretary of the Institution is given on the face of each votHrhcr, 
and the certificate of an authorized agent of the Institution is appended 
to each vonchcr, setting forth that the materials and property and ser- 
vices rendered were for the Institution and applied to the puritoses 
stated in the account. 

The quarterly accounts-current, bank book, check book, and lodger 
TFere also examined, and showed that the payments were made in con- 
formity with the regulations prescribed by the Kegents, and that the 
cash balance stated in the accounts current for each (juarter was in 
deposit to the credit of the Institution in the authorized depository, 
after all the quarterly accounts charged in the abstracts were paid. 

In conclusion, the committee finds that all the expenses of the Insti- 
tution have been paid in full to the end of the year, leaving a ciish 
balance in bank on the 1st January, 1870, of $-20,000 05. 

All of which is respectfully submitted, bv — 

KIOHARD DBLAPIBLD, 
PETElt PAUKEK, 
JOHN 5IACLEAN, 

Exectttire Committee. 
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JOURNAL OF PROCEEDINGS 

OF 

THE BOARD OF REGENTS 

OF Till; 

SMITHSONIAN INSTITUTION. 



Washington, D. C, February 3, 1870. 

A inpctin;; of tlie Bonrd of Regcuts of the SmitlisouiaD Institution 
was liold on Thursday, February 3, 1870, iit 7 o'clocii p. m., at the Insti- 
tution. 

Pi-esent : Chief Jiistice Clmse, Chancellor of the Institution, Messrs. 
Hamlin, Trumbull, Poland, Cos, Maclean, Dela&eld, Parker, and tlie 
secretary. 

The minutes of tbo last meeting were read and adopted. 

Professor Henry, the secretary, announeed that Hon. Hannibal Ham- 
lin, of the Senate, had been appointed a Itegent, vice Mr. Fessenden, 
dei^eased ; that Hon. James A. tiartield and L. P. Poland bad been 
reap]>ointed from the House of liepresontativcs ; and that Hon. S. S. 
Cox had been appointed, we Mr. Pruyn, whose term had expired. 

Tbc seeretiiry announced the death Qf Charles Armistead Alexander, 
est]., a valued collaborator of the Institution, whose series of spirited 
translations of the eulogies of eminent men, delivered before foreign 
academics, have added much value to the annual reports of this estab- 
lishment, and bave been received in several cases with much commcQ- 
dation by the original authors. 

On motion of Dr. Maclean, it was 

Resolved, That the Begents of the Smithsonian Institution recopiize, 
in the death of Charles A. Alexander, esq., the loss of a vatucil collabo- 
i^tor, and that they sympathize with bis friends and relatives in the 
bereavement to which they are subjected. 

The secretary presented a general statement of the fiuancial condition 
of tbe Institution. 

General Delafleld presented tbe annual report of tbc Executive Com- 
mittee relative to the receipts and expenditures during the year 1869, 
and the estimates for the year 1870, which was read and accepted. 

On motion of Dr. Macleau the secretary was directed to have an in- 
surance eftectcd on the east wing and range of the Smithsonian builtling 
to such amount as he may think necessary. 

The secretary presented the eulogy on the late Professor A. D. Bache, 
which was received and oixlered to be printed in tbe annual report. 

General Delollcld, for tbe Executive Committee, repoi-ted that they 
were still eoUecting facts and statistics relative to the city canal, and 
would hereafter present a further report. 

The secretary stated that it was his painful duty to announce that 
since the last meeting of the Boanl the death had occurred of one uf it» 
most distinguished members — the Hon. William Pitt Fe»;cndcu. 
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Appropriate remarks were then made relative to tbe services, charac- 
ter, aaU virtues of the deceased, by Messrs. Trumbull, Uamliu, Parker, 
and the Chaneellor, Chief Justice Chase. 

On motiou of Mr. TmmbuU the following; resolutions were adopted : 

Reaolretl, Tliat the Boanl of Itegents of the Smithsonian lustitution 
deeply mouru the loss of their distinguished fellow-regeut, William Pitt 
Fessendeu. 

lieBolved, That in the death of Mr. Fessenden our country has lost a 
refined aud influential citizen, the Senate of the United States an able, 
jadiciouH, honest statesman, aud this Institution an active, intelligent, 
and learned liegeiit. 

Kesolre^, That we sincerely condole with the afflicted family of Mr. 
Fessenden, and offer to them oar heartfelt sympathy in their great 
bereavement. 

Resolved, That a copy of these resolutions be communicated by the 
Secretary of the Smithsonian Institution to the family pf the deceased. 

Resolred, That Chief Justice Chase be requested to prejiare ft eulogy 
on Mr. Fessenden, for insertion in the Journal of the Board of I^gents. 

General Delafleld in behalf of the Executive Committee, state<l that 
they deemed it highly imiiortaut for the interests of the Institution in 
the promotion of science, and due to the secretnry for his long and 
devoted ser\-ice3, that he should visit Europe to consult with the ssivans 
and societies of Great Britain and tbe continent, and he therelbre hoped 
that ft leave of absence would be gr.inted to Professor Uenry for several 
months, and that an allowance be made for bis exi>enses. 

On motion of Dr. Maclean, it was unanimously — 

Besolved, That Professor Henry, Secretary of tbe Institution, be 
authorized to visit Euro|>e in behalf of tins interests of the Smithsonian 
Institution, and that he bo granted from three to sis months leave of 
absence, aud two thousand dollars for traveling expenses for this 
purpose. 

Judge Poland moved, that in considemtion of tbe estra services which 
had been rendered by Mr. Bhces, chief clerk, since the death of Mr. 
Kandolph, bookkeeix'r of the Institution, tu auditing aud keeping the 
accounts fur tbe last three years, be be allowed $330, in addition to $2o0 
already receive<l, or 8200 par year. 

This proiKisition was advocjited by the secretary, who considered it 
just not only in regard to the i>articular services in question, but also 
for his efficiency in the conduct of tbe general business of the 
establish nieut. 

Tbe motiou was agreed to. 

Adjourned to meet on the 10th instant, at 7 o'clock. 



WAsniNGTON, D. C, February 10, 1S70. 

A meeting of the Boanl of Regents of the Smithsonian Institution 
was held on Thursday, February 10, 1S70, at 7 o'clock p. m., at the 
lustitution. 

Present, Messrs. Chase, Trumbull, Hamlin, Davis, Garfield, Poland, 
Delafield, Parker, Bowen, and the Secretary, 

The Chanc^^'llor took the chair. 

The minutes were read and approved. 

Professor Henry presented bis annual report, which was accepted. 

On motion of General Garfield, it was — 

Reaolced, That the Executive Committee and the secretary' be dii'ected 
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to prepare a detailed statement of nil tlie money expended on the 
muaeiiin during the past year, distiiiguisliing between the iteine directly 
and exclusively chargeable to the care of the collecticws of the Govern- 
ment, and those of a contingent ot indirect character. 
Mr. Hitmlin presented the following, wliicli were adopted : 
Having learned that the chief clerk of tbis Institution, Mr. William 
J. Bheeti, is about to resign tbe oflBco he has filled for seventeen years, 
to engage in an active business enterprise — 

Resolved, Tbat tbe Boanl of Regents highly apprecmte bis worth as a 
man, and bis services as an officer of this Institution. 

Resolved, That while they regret his resignation of an office which he 
has filled with honor to himself and advantage to the Institution, they 
hope that be may be equally suticessful in the career on which lie is 
about to enter, and that a copy of these resolutions be presented to him 
by the secretary. 
The Boai-d then ac^oumed to meet at the call of the secretary, 
[Note, — After this meeting the annual report was submitted to Con- 
gress and onlered to be printed ; therefore, the subsequent procreedings 
of tbe Boanl for the session of the beginning of 1870 will be found in 
the next annual report. — J. H.] 



n,g,t,7l.dM,GOOglC 



GENERAL APPENDIX 



EEPOET FOR 1869. 



n,g,t,.i.dM, Google 



The object of this appendix is to illaatrate the operations of the In- 
stitution by reports of lectures and extracts from correspondeucc, as 
well as to fiiruish iuformation of a character suited especially to the 
meteorological observers and other persons interested in the promo- 
tion of linowledge. 
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KEPLER: HIS LIFE AND WORKS. 



By M. Bertrand, Member of the Frmdi Academy of 5< 



[^TmnalaUid/or tke Snulktonian Initilutton bg C. A. Alaander,'] 

The highest laws of the physical world have beeu established by 
geometers ; tho hj'potbeses on which those laws rest acquire real iinport- 
auce only after haviu^ beeu submitted to, their decisiou; and yet the 
I»rogrcss of natural ' philosophy would have beeu inipossible if the great 
men to whom they are due, imbued only with a geometrical spirit, had 
regarded ouly its inflexible rigor. 

Let us imagine a geometer initiated in the most elevated theories of 
abstract science. I si)eak not merely of a disciple of Euclid and Archi- 
medes, but an intelligent reader of Jacobi and of Abel ; and let us suppose 
tliat, wBile a strauger to every idea of astronomy, he should undertake 
to penetrate by his own independent efiforts the general structure of the 
universe and the arrangement of its parts. Let us place him, moreover, 
in the most favorable conditions; let us admit that, free in spirit as Co- 
pernicus, he reposes uot in the deceptive representations of the senses 
xthich, veiling from us the movements of the eari:h, have cansed its 
immobility to be so long regarded as an axiom: what impossibilities 
will present themselves to his imagination! Borne along by an un- 
known movement, pei'ceiving no tixed direction, no stable basis on 
which to rely for tho determination of distances, he finds himself with- 
out data for the solution of the problem. Our geometer will attain, 
IH'rliaps, to n conception of our own incommensurable littleness; but, 
perceiving no certain route, he will stop short by asserting in the name 
of a science which he believes infallible, because it leaves nothing to 
haziuxl, that, whatever the genius of man and the resources with which 
art may endow his organs, our path through space is to him ns undis- 
coverable as would be that of a grain of dust borne on the wind to tho 
animalcules which inhabit it. 

Happily Pascal has gone too far in asserting that what transcends 
geometry lies beyond our reach. This disconr-aging ap[>rcciaIion takes 
no account of a sentiment implanted in the depths of tlie human soul; 
a sentiment n'hich sustained Copernicus after havhig inspirttd Pytha- 
goras. Outside of all demonstration, in effect man believes in the har- 
mony of the universe and the simplicity of its mechanism ; and, although 
imagination stands in strong contrast ta geometrj-, the history of as- 
tronomy presents them to us united in a strict alliance ; the former sus- 
tained by well-regulated reason, in somesortontstrippingtnith in order 
to reveal, as if by intuition, the beauty and general order of the system 
of worlds; the latter exciting its powers to test the true and the false, 
and by separating one from the other, finally to arrive at certainty. 

The situation of tho astronomer wiio seeks to divine the symmetrical 

and regular orthu' of the celestial bodies, ))resents a certain degree of an- 

alogy with that of the philologist who, with unknown characters l)cfore 
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him, strives to recoiistmet the words aud ideas which they express. For 
tlie philolo^st as for the aKtronomer the .problem is iiidetermiiiate, and 
it might be assumed that its solution is arbitrary; what aasuraiiee is 
there in fact that those stningc figures are not simply decorative 
designs, capriciously traced without order and witliout object f And 
if they have in reality a mcauiiiff, no triiiu of rigorous dednctimis 
can reveal it by leading us from the known to the unknown through a 
logical and snre chain of rensouing. It is necessary' in such nn inquiry 
to proceed tentatively, to accept copjectures founded on fugitive and 
remote analogies, to establish systems which the ftirther study of facts 
will often overthrow, to frame hypotheses which will presently be re- 
jected, but which will be patiently replaced by others, and to do this 
without discouragement, because the true solution, we may be certain in 
advance, will, when once detecte<l and in whatsoever manntsr obbiiued, 
offer such a cliaracter of certainty that no flirther place wil! be left for 
doubt. The same is the case with the true astronomical systems ; it in 
impossible to establish it by a series of rigorous deductions, and 
successively to demonstrate its different parts a<iconIing to th« method 
of the geometers. But, when a man of genius shall have divined, in 
whatever way it may be, the principles which reconcile the uniform and 
simple reality with the complex and variable appearances, judicious 
minds will at once recognize the truth of the hypothesis, without scruti- 
nizing the means which have led to it^ and without waiting for the 
solid and luminous proofs which, accumulating from age to age, will at 
length convert the most refi'actory by eidightening even the blindest. 
It is not my purpose to retrace, hei-e, the history of the efforts succes- 
sively made in this direction, which would be the historj' of astronomy. 
From among the great men who, withdrawing the veils which bitlc it, 
hiive by degrees revealed the universe in its " full and sublime niajest,^-," 
I have simply selected, in order to sketch the part which he iwrformed, 
the most intrepid, iiersevermg, and inspired of them all ; by these terms 
I designate Kepler. 

Joint Kepler was bom at Weil, in Wiirtemberg, 27th of December, 
1571, twenty-eight years after the death of Copernicus. His father, 
Henry Kepter, who belonged to the noble family of Keppel, was not 
worthy of such a son ; he several times abandoned his wife, who herself 
was of evil reputation, and scarcely gave any attention to his four 
citildren. The early education of John was, thercfoit', much negleoteil ; 
his mother, who could not read, sent him, it is true, to school, lint kept 
him at home whenever his services could be turned to account in the 
inn, which reverse of fortune lywl reduced her to the necessity of keep- 
ing. The boy's weak constitution, fortunately, rendered him but little 
fit for such employments, and it was decided that ho should study theol- 
ogy. At the age of thirteen he was gratuitously admitted into the 
Protestant seminar:^' o' Maulbronn-, a favor easily obtained, for instnie- 
tiou was at that time propagated throughout Protestant Germany with 
a zeal equally liberal and eulighteued. " It is the head aud not the arm 
which governs the world," said the rector of the University of Manl- 
bronn, inl578; "there is ueed,then, of educated men, and such fruit 
does not grow upon trees." 

From Maullironn, Ke|ilcr, who ndvance<} rapidly in his studies, passetl 
to the seminarj' of Tiibingun, where he applied himself to theology, but 
without giving to it his whole attention, lie here comitoaed some Ljitin 
verses on the ubjqiuty of the body of Christ, the elegant precision of 
which attracted the admiration of the secretary of the natioiml depa- 
ties. Yet, when he (piitted, at the age of twenty -two, the school of Tii- 
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bingen, lie was not thought qiinliApd to labor for tlie advancement of 
tliP diiirvli, aiid,furni.shed only with afliitteriiig attestation of eloqiit'iice 
niitl capacity, he wan named professor of matbematies and morula in the 
college of Oriitz. in Styria. 

The Archdnko Charlea, of Austria, who then governed Styria, pro- 
fessed the Cutliolic religion ; but, what was very rare and little to bo 
expected at that epoch, lie extended to heretics an absolute tolerance; 
8o that the Protestants, who then constitute<l a majority of the rich and 
enlightened classes, enjoyetl full liberty to call to their service tor all 
ofKces such of tbeir co-religionists as bad been instructed elscwlierc. 
Hence it was, that Ke[>Ier received an invitation to Oriitz. Instruction 
in astronomy being one of his duties, he was cbarge<l with the compila- 
tion of an almanau, and it was but natural that in a Catholic country, 
he should adopt the Gregorian reform which the Protestants obstinately 
rejected ; choosing much rather, as was said, to bo at variance with the 
sun than in accordance with the l*oi»e. Kepler, who ne\'pr consented under 
the most difficult circumstancen to compound for the free expression of his 
religions sentimeut!i, separated, on this occasion, from his co-religion- 
istH ; the question, as he justly urged, was a purely scientific one. More 
than ouce iu hts career did he eucouuter it, and his opiuion never varied. 
Sixteen years later, in l(ii;i, in order to induce Germany to accept the 
new calendar, he couipo-sed, at the instance of the Emperor Matthias, a 
dialogue between two Catholics, two Protestants, and a math^iatician, 
the latter of whom enlightens, and finally convinces . the others; but 
Kepler was not equally successful with the Diet, to which the question 
was submitted, and, iu spite of his efforts, the Gregorian reform was 
)>ostpoued till a long tim« afterward. 

To increase the sale of his almanacs, Ke])ler did not slirink from in- 
serting a-strological predictions of political and other events, and, as a 
few liap[>ened to be realized nearly at the time predicted, not a little 
credit accrued to him on that account. His biographers have afBrmed, './ 
however, that, superior to the prejudices of his age, he had no faith in 
astrological dtviuation, but his correspondence shows that at this epoch, 
and even many years atterward, he was persuade«l of the influence of 
the stars on events of every nature. In one of bis letters he makes an 
applicntiO|)^f his principles to the newly-born son of his master, Mo-st- 
lin, and announces that he is threatened with a great danger. " I doubt," 
he says, "whether ho can survive it;" and, in fact, the child died. Just 
at that time one of his own children was also taken away ; and when, 
on occasion of this double bereavement, we And him, with expressions 
of affectionate interest for his master, again speaking of the fears which 
he had conceived, how is it possible to believe that he was not in earnest I 
But his predictions were not always so exactly fulfilled, and, after being 
often deceived, Kepler became less and less credulous. Thus it fared 
with! astrology as with many other errors which entei-ed his mind with- 
out taking root. He said, indeed, that, as the daughter of astronomy, 
astrology ought to nourish her mother; and he continued during life 
to make for those who asked it, and for a consideration, predictions and 
horoscoi»es conformable to the niles of the art. Hut, so far from abusing 
the credulity of hia clients, he avowed to them that, in his opinion, his 
conclusions should be reganled ai uncertain and suspicious; telling 
them, as Tiresias tells Ulysses, (iu Horace:) <iuicquid dicam aitt eritatit 
non — (What I may say will or will not come to pass.) 

The first scientitic work of Kepler is entitled M^teriHin rmmograplii- 

cum, and was composed during the earlier part of his residence at Griitz. 

I undertake to prove," he says in his preface, "that God, in cretUing 



Vb LIFE AND WOBKS OF KBPLBB. 

tlie universe and regulating the order of the cosmos, had in view tbe 
five regular Irodies of geometry as known since the days of Pythagoras 
and I'lato, and that he has fixed, according to those dimensions, the 
number of heaveiis, their proportions, and the relations of their move- 
ments." 

It is impossible not to be struck with the confident ardor of the yonug 
author and his enthusiastic admiration for the wisdom ntiieh governs 
the world aud the majesty of the problems to which his life was to be 
consecmted. "Happy the man," says he, "who devotes himself to the 
stmly of theheaveus; he learns to set less value on nhattbe world ad- 
miix's the most; the works of God are for him above all else, and their 
study will furnish him with the purest of enjoyments. Father of the 
world," he adds, " the creature whom Thou hast deigned to nuse to the 
intelligent contemplation of Thy glory is like the king of a vast empire; 
he is almost comparable to a god, since he has learnetl to comprehend 
Thy thoughts." The theory whic;h inspired such* transports is to-day 
disavowed by science. That brilliant edifice was destined to crumble 
away, little by little, for want of sure foundations, and Kepler, at that 
epoch, may be likened, according to Bacon's happy coniparisou, to the 
lark which soars to the skies, but brings back nothing from her excur- 
sions. 

He always entertained, however, a great tenderness for this first labor, 
and, although he himself has, in a second edition, i>ointed out grave 
errors, he insists that no debut in science was ever more happy. Of 
this work little is recollected but some solid and convincing arguments 
in favor of the system of Coi>ernicu8. Kepler docs not hesitate to con- 
sure emphatically, in a note, the tribunal which had dared to ]i\ac« in 
the Index of the Latcran the works of the illustrious Pole. " When we 
have used," he says, *'the edge of an axe upon iron, it cannot serve af- 
terward even to cut wood." The calculations which lie executed on tins 
occasion served, so to speak, to clear the field which was to yield bjin so 
ample a harvest; aud the learned world, not less charmed by the agree- 
able and brilliant form of his exposition than surprised by the novelty 
of his ideas, became attentive to what the young astronomer might in 
future submit to it. 

Having acquired aniodest competenceby his marriage with the young 
and fair Barbara Miiller, already the wiclow of u first and sejvanited 
from a secoud husband by divorce, Kepler seemed permanently lisetl in 
Styria, and devoted bimself, amid general applause, to the study of 
the science in which he delighted. His corresi>ondeuco shows bin'i In 
have been, at this eiwch, fully satisfieil with his labors and in the serem* 
enjoyment of domestic happiness. This ))eriod of sweet tranquillity and 
studious leisure makes its api>earance in his life as a i>eacefnl oasis, 
where he was to repose but tor a short time, and which he was destined 
never to find again. The Archduke Charles hod as successor his son 
Ferdinand, who, a far better CathoHu than he, chose as genendissimo of 
his troops the holy Virgin, and made a vow to extinguish heresy iu his 
estates; the most simple means was to drive out the heretics, and it wits 
''that to which he resorted. Kepler, protected by learned Jesuits, who 
knew how to appreciate his merit, was treated with an exceptional in- 
dulgence. After having been forced to c|uit Grutz, be was permitted to 
return on condition of obser\-ing due prudence and reaer\e. This, wtf 
must conclude, he dic\ not do to a satisfactory degree; for, shortly after, 
he was banished anew, forty-five days being allowed hi[u to sell ov rent 
the lands of his wife. It was of such acts, doubtless, that a eetebraio-l 
historian was thinking when he wrote that, witliout.distiu-bance and 
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vithont cruelty, FerdinuDd succeeded in suppressing tbe Protestaut wor- 
ship in Styriii. 

Honever this may be, Kepler, thus deprived of the means of subsist- 
ence and banished from Styria, where numerous friends had surrounded 
him, rfmaiued unshaken in his faitb. The Counsellor Herwart in vain 
proposed to him terms of accommodation ; bis integrity could not \k 
made to bend. Kepter, m ingenious in his researches, was by no means 
80 in paltering with bis conscience. Unable to yield his reason to the 
Catholic creed, he obstinately refused it his homage. The reasons on 
whi(;h he based his resolution, equally remote from the weakness which 
bends to persecution and tbe arrogance which braves it, are impressed 
with a calm and gentle dignity: "I am a Christian," he writes to Her- 
wart, "attached to the confession of Augsburg bv a thorough examina- 
tion of the doctrine, not le^s than by the instruction of my parents. 
That is my faitb; I have already suffered for it, and I know not the art 
of dissembling. Religion is for me a serious affair, which I cannot treat 
with levity." And he continued, witliout losing heart, to And a refuge 
in science, devoting to it his hours of labor, his studious watchiugs, the 
ardent yearnings of his enthusiastic intellect. But this could not wholly 
preclude the bitter thoughts of exile and of poverty; if little concerned 
for himself, he could notbelp feeling how nearly those afflictions touched 
those who were dear to him. "I entreat you," be writes to Mcestlin, "if 
there is a place vacant at Tiibingen, contrive to obtain it for me; let me 
know," he adds, " the price of bretui, of wine, and the necessaries of life, 
for my wife has not been accustomed to a diet of beans." It was iirider 
these trying circnrustauces that he received from the celcbnited Tycbo- 
Brah^, who had become acquainted with his adversity, a pro[K>sitiuB to 
unite with him in the astronomical labors with which be had t)een charged 
by tbe Emi>eror Uudolph. Kepler did not liesitate, aiid repaired with 
his family to Prague. 

Nothing could have been more fortunate for astronomy than the union 
of Kepler with such a mau, whose researches, less brilliant perhaps than . 
bis owu, are distiuguisbed by a laborious precision, which no previous 
astronomer had ever carried to the same degree of perfection. Kejjler, 
himself, seems to have foreseen all its advantages wlieu, speaking of the 
ot)servations nccnmulated by Tycho, he wrote the year previous to 
Moestlin : "Tycho is loaded with riches which, like most of the rieli, he 
makes uo use of." He had practiced observation, in effect, for tUirty- 
fivc years, without any preconceivetl idea, wLile keeping an exact and 
minute register of the phenomena of the heavens. These aeciunulated 
results, without directly disclosing the truth, were admirably calculati'd 
to preserve Kepler from error by furnishing a solid point of support to 
the boldness of his inventive genius, .tnd us a limit establisbed in a<l- 
vance to prohibit its excesses. Having soon afterwards become, by the 
death of Tycho, possessor of the precious materials destined to fi^rtilize 
bis ideas, he was not slow in perceiving that under the confusion of 
those elements, which he might justly compare to tbe scattered leaves 
of the Sibyl, was concealed an eternal and immutable order, and be 
sought it during nine years with the unwearied devotion which triumphs 
over discounigeinent, and with the energy which assures success. 

But witli a view to proceeding in order, he ilrst directed his attention 
to the elimination of a cause of error already indicated by Tycho, and 
oDe with which all the astronomical observations are infected : be stud- 
ied tbe laws of ref^raction. 

Hipparcbus relates that twice in the same day he bad observed tbo 
Bun iu the equator, and consequently two equi noses. From this Ptoleu^ 
7 8 C.OOi^lc 
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simply coiiclndes that one of tbese observations ia erroneons ; but tte 
same singularity presented itself on different occasions to Tycho, vbo, 
certain of liis own skill and of tbe precision of bis instruments, conid 
not admit sucb an explanation, lie pointed out tbe true cause in tbe 
refraction of tlie laminous rays, wbieb, null at tbe zenith, acquires at 
tbe horizon its greatest value ; consequently, irhen tbe sun i.s, in the morn- 
ing, a little below tbe equator, the refraction, by elevating its mys, may 
produce the imprestiiou of the observation of tbe equinox. Some honra 
later, when tlie sun is nearing tbe zenith, tbe refraction is less, and this 
cause of depression, comtje.usating for tbe distauce which the sun has 
traversed in its orbit, may cause it to be observed anew in the equator. 

Pliuy cites nnother coutradivtictn not less palpable, wbicb, vhile 
equally showing theimportaiice of tbe plienomeuon of refraction, sbonhl 
bave led tbe nucieiit astronomers to make it the subject of tbeir stndy. 
" An eclipse of tbe moon," he says, " has been observed at tbe moment 
when the snn was still visible above the horizon." Tbe moon conse- 
quently (lisjippeared altboiigb the right line which joins its center with 
that of the sun appeared not to encounter the e^irth. The faet is aeon- 
stiiut one; it was observed particularly by Mcestlio and by Tycbo; yet 
there is evidently a necessity that the earth, iuordcr to eclipse tbe moon 
by its shadow, must be placed in a right line between tbe moon and snu. 
It is undeuiable, therefore, that the three bodies are really iti a right 
line at the moment of tlie eclipse, and the pbeuomenon must be ex- 
plained by the refraetion which brings tbe two luminaries into an ap|>ar- 
ently simultaneous opposition above Ibe horizon. It will be seen from 
these instances how imjiortaut it is that this cause of error should be 
taken into account in the discussion of observations. Tbe Aral>iaD as- 
tronomer Albazeu and tUe Poionese Vitellion were the i^rst to call at- 
tention to this point., audTyebo, who thoroughly felt its importauee, gave 
still later a table of refractions relative to different inclinations. 

The ditficnlty of such au investigation is readily perceived, not to 
say that auy direct determination is impossible, iiefraction is the angle 
formed by the right line which retilly eonaects the luminous body with 
our eye, and tbe line resulting from the direction in which it is x>er- 
ceived. Now, of these two dircctioDS tlie second alone is open to actual 
observation ; tbe angle which it forms with tbe other cannot be meas- 
ured, and it is necessary to calculate it by an indirect process. Tbe con- 
tinuous observation of a star followed from the zenith to the horizon 
might give it; tbe diurnal movement, the laws of wliich are not contested, 
causes the star, in effect^ to describe a perfect circle iu the heavens, ami 
kuowing at every instant where it ought to be, we may place to the ac-, 
count of refraction the observed irregularities. 

The process followed by Tycbo is a little different, bat be was far from 
attaining the object in view; according to him, the refraction of the 
light of tbe stars completely ceases at 20° from the horizon ; that of the 
Bun, being more considerable, becomes null only at 4'P. This is alto- 
gether inexact, refraction follows tbe same laws tor all tbese luminaries, 
and becomes null only at tbe zenith. Kepler, therefore, took up the 
question from the beginning, and composed, under the modest title of 
Paralipomena ad VitallioMm, a complete treatise of o|>tics- This work, 
though containing serious errors, is truly remarkable for the time wheu 
it was composed. We find therein the correct theory of teIescoi>es, ex- 
act rules for determining tbe focal distance of lenses and tbe augment- 
ative power ofan instruments Here, for the first time, was given an exact 
description of tbe eye and the cxplanatiou of its mechanism ; it is here, 
finally, that we -tiud an explanation of the cinereoos light of tbe moou, at- 
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tribute)] in a spirit of loyalty to Lis old maRter Hcestlin. Altfaough en- 
tirely misled as to an elementary law of refractiou, Eeitler has here cal- 
culated a tabic of astronomical reihtctions, wliicb from the zouitli to TU'^ 
does not differ moi-e tban 9*' from tbat adopted at present, but iu ap- 
proacbing tbe borizoii the deviatioos become more considerable. We 
recognize in this book tbe hand of no ordinary artificer; its perusal is 
embarrassed by few difSculties, and althougli in its doctrines Uires be 
mingled iu abundance with the good grain, the student wbo wishes to 
prove all things for lumself would still fiud much to repay bis labor. 
Descartes, who cites it with houor in his Dioptrics, expressly acknowl- 
edged the obligations which he owed to it. 

But, while striving to attain tbe objects which be bad ])roposed to 
himself, Kepler, as astmnoraer to the emperor, could not properly re- 
main inattentive to tbe events which were taking place in the skies. 
He wrote, in IGOQ, a long dissertation on a star which bad appeari'd in 
the constellation of tbe Serpent^ and which, after having shone with a 
brilliancy greater than tbat of Jupiter, disappeared as mysteriously as 
it bad come. This phenomenon, strange but not unexampled,- caused 
a great sensation. "If I should be asked," said Kepler, " wliat will 
come to pass; what it is tbat this apparition forebodes I I shall an- 
swer without hesitation : First of all a flood of writings, published by 
numerous authors, and much labor for the printers. If I should be uc- 
cnsed of having in my dissertation passed too slightingly over the the- 
ological and political consequences, I shall reply that my charge imposes 
OD me the obligation of promoting astronomy to the best of my ability, 
but not of fulfilling the office of pubUc prophet. I am glad of it ; if I 
had to speak freely of all that passes iu Euroi>e and in the church, I 
should be much iu danger of giving offense to all the world, for us Hor- 
ace says, 

" JUacoa intra murot peocatar ei ertra."' 

One would scarcely suppose on rending these lines that they were 
written inlCOe! 

He proceeds to inquire whence this star conid have sprang and of what 
matter it wa»formed ; but he does not succeed in solvins the question, 
and concludes only that the blind force of atoms has nothing to do with 
it. Of this opinion also was his wife Barbara ; Kepler tells us so in one 
of those personal digressions in which he sometimes indulges, and 
which are so vivid and sprightly that in reading them we almost seem 
to hear and see him, and at the same time are so naturally introduced 
that we feel no surprise at finding them mixed up with the serious 
thoughts on which he is intent. " Yesterday," he says, " fatigued with 
writing and troubled in mind with meditations upon atoms, I was called 
to dinner, and my wife placed a salad on the table. Do you think, said 
I to her, that if tin-plates, lettuce leaves, grains of salt, drops of oil and 
vinegar, and fhigments of hard-boiled eggs had been floating in space 
ever since the creation, in every direction and without ortler, chiinco 
could have brought them together to-day to form a salad t — Not so good 
a one, I am certain, replied my fair spouse, nor so well made as this 
one is." 

The treatise on the new star, which contains thirty chapters, leaves 
the reader as ignorant as the author himself was and as we to-day are 
of the nature and causes of the catastrophe which, from the presumed 
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distance of tlie stare, must have been accomplished in the faearenH 
and have troubled the systems of the cosmos many ages before the 
observations of Kepler. 

After nine years of efforts prosecnted with an intense npplicatioo of 
mind nbich sometimes, as he tells us, bad tonnenteil him almost to 
madness, din nos torserat ad insaniam, Kejdor sncceeded in exartly 
representing the movemeut of Marshy two of the laws which have since 
been recognized as applicable to the other planets, and which have i<D- 
mortalized his name. Jlis work is entitled : Astronomia ttova, aeu Pbynca 
cceIcbHs, &c. (The new astronomy, or celestial physics, founded on (he 
study of the movement of Alars, deduced from the observations of Tycho- 
Brali^O The preface, nddressed to the Emperor Hudolph, fiirnisbesa 
curious example of the spirit of the epoch, even more than of the genias 
of Kepler: 

" I bring to your Majesty," he says, " a noble prisoner, a trophy of an 
ardnous and long doubtful war, prosecnted under your auspices. Sot 
do I fear that ]ie will refuse or scorn the name of captive, since it is not 
the firstrtimetbathe has borne it; long ago. as we are informed, the ter- 
rible god of war fell inglorioasly into the toils spread for him by, Vnlcan. 
Yet, until now, none had more completely triumphed over all human 
stratagems; it was in vain that the astronomers prepared every thing 
for the struggle; in vain that they brought all their resonrces into action 
and marshalled all their forces. Mars, mocking at their attempts, dis- 
concerted their plans and bafSed their hopes. Withdrawn in an im- 
penetrable secrecy, ho succeedetl in veiling his skillful evolutions from 
hostile observation. The ancients complahied of this deceptive strategy 
more than once, and that intleiatigable explorer of the mysteries of 
nature, Pliny, prononnced Mara inscrutable to human eye. 

"Formyself, longht first of all Co extol the activity and pertinacity of 
the valiant cbicttain Tyeho-Brahi?, who, under the auspices of the Dan- 
ish sovereigns, Frederick and Christian, studied every night for twenty 
years the procedures of the enemy, in order to discover the iilans of the 
campaign and the secret of Ids morementii. The observations be- 
qncathe<l to me by ray predecessor have aided me in dispelling that 
vaguo and indefinite apprehension which is at first felt in the presence 
of a mysterious foe. 

'* bnring the uncertainties of the contest how many disasters have 
desolated our camp t The loss of an illustrious chieftain, sedition aud 
desertion among the troops, contagions maladies, all contributed toang- 
ment our distress. Domestic solace and suffering alike interfered with 
business ; a new enemy, as I have reporteil in my book on the late evan- 
escent star, precipitated himself on the rear of our army; the veterans 
withdrew, the new recruits were untrained, and, worst of all, provisions 
were exhausted. Finally, however, the enemy became reconciled to 
peace, and by the mediatiim of his mother, Nature, sent me the avowal 
of his defeat. He surrendered on his parole, and Arithmetic and Geo- 
metry escorted him into our camp. From that time he has shown that 
he can be entirely trusted, and, content with his lot, aska bat one favor 
of your majesty. All his family is in the sky; .Inpiter is his father, 
Saturn his grandsire, Mercury his brother, aud Venus his bosom friend 
and sister. Accustomed to their august society he is ardently desironsot 
recovering it, and would wish that like himself they were all received into 
your ms^jeaty's common hospitality. To that end it is important toprodt 
by onr success and to pursue the war with vigor; its hazards are at an 
■ eyd, since Maj^ is in oar power. But I entreat your majestj- to remeu- 
- . ji&T that money constitutes the nerves of war, aud to tepleased to order 
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yoar treasurer to deliver to your general the sums necessary for tlie 
levy of new troops." 

in commencing the study of the movements of Mars, it was incumbent 
on Kepler to ascertain with precision the time of its revolution, which 
was not unknown to Tycho, nor even to Ptolemy, wjio bad calculated it 
with nnarly equal exactiieus. It is a problem, in fact, which, notwith- 
standing its apparent difficulties, is of ea»y solution. The imaginary 
right line, called the nulius vector, wbicb connects the fixed center of 
tbe sua with the movable center of the planet, may be compared to the 
hand of a clock, and the time occupied iu traversing its vast dial is the 
time of tbe revolution of Mars ; the radius vector which unices the earth i 
with tbe sun may be regarded as a shorter hand than the preceding 
and as turning iu the same direction. Tlie movefnent of the latter is 
well known: it makes its circuit in a year. Suppose, now, though it 
be not absolutely exact, that tbe plants of the two orbits coincide: iu 
other terms that the two hands, of unequal length, move on tbe same uial- 
pjate. Placed as we are at the extremity of tbe smaller, it is easy for 
us to note its coincidences with tbe greater, and the astronomers who 
attentively observe tbe sun ami the planet Mars will be able to say a! 
what moment we are on the line which unites tbcm. It has l>een long 
known that these opiK>sitions of Mars and the sun, or, what amounts to 
the same tbing, tbe coincidences of tbe two bands of the dial, take place 
on a mean every 705 days. The longer hand, theretbre, makes iu 795 
days one circuit less than the shorter; and as the movement of the latter 
is known to us, the tyro iu astronomy can deduce therefrom the move- 
ment, assumed to be uniform ; that is to siiy, the mean movement of the 
other. It is thus that tbe period of tbe revolution of Mars has been 
found equal to 687 days. , 

This result being well known to Kepler, be conceived tbe idea of col- 
lating, in the observations of Tycho, those which ditt'ered precisely by 
that uiimber of days, and for which, consequently, Mars, after havuig 
accomplished a circuit, bad returned to the same point of its course. 
Be thus very ingeniously eluded tbe difficulty, apparently insurmount- 
able, which results from its continual displacement in space. Tbe two 
positions of the earth in its orbit being known through the previous 
study which bad been made of its movement, tbe line which unites tliem 
becomes the base, at the two estreinities of which tbe inquirer is con- 
sidered as placed for tbe observation of a planet, which, having returned 
to the same position, may be reganled as motionless. One of the posi- 
tions of Mars will thus be found with tbe date of two eitocbs, sepai-atcd 
by an interval of 687 days, on which it has arrived at that place. By 
interposing other observations separated from the first by a jieriod of 
two or three revolutions of tbe planet, tbe same result will be obt^iined, 
a result which furnishes a means of verifying tbe calculations, and at 
the same time, what is still more valuable, a confirmation of tbe hypoth- 
esis adopted for the law of the movement of the earth. 

Eucouraged by this first success, Kepler recommenced the operation 
a great number of times, following the planet step by step, in order, so 
to say, to stake out its course through space ; but bow many iioints are 
needed to determine the geometric nature of a curve t Kigorous geom- 
etry answers that, however great the number, it will not suffice, and 
that by any given points an iulinite number of distinct curves of very 
different projierties may always be made to pass ; it is for this reason 
that so many tables admirably precise obtained by physicists have never 
been found susceptible, notwithstanding their efforts, of being converted 
into mathematical laws. Tbe uncertainty and incompetence p£ scieuee 
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in preseDCO of sncb n problem require that patience bIiouM come td the 
aid of genius. Kepler attempted at first tbo rerificatiou of the hypo- 
thesen previonsly ndmittetl, by seel^in^ to place all liis puitita on the 
same circle; bat his efforts vera futile; his calculations left errors of 
seven to eij;bt minutes subsisting, and he proved that no better could 
be done. Eight minutes seem but a small matter; it is about a fotmh 
of the apparent diameter of the sun ; but it is in astronomy cspeetnlly 
that it may be said with truth: Be tcho despines amaU things shall /alt bg 
little and tittle. Kepler knew it, and tliis little error, which be was 
nnwilling to aecept, became considerable by its consequences. " The 
Diviiie Goodness," he says, " has given us in Tycho au obserx'er so exact 
that au error of eight minutes is impossible." The hypothesis of a cir- 
cular orbit was therefore inadmissible; but Kepler does not on that 
account despair of victory, nor is his confidence at all shaken. He 
fancies that, like the wanton Galatea (in Virgil,) Mars flies to covert, 
but in biding wishes not to escape unseen : 

Et ftgit ad taiutt, el $e enpit antt vidtri. 

This is the first lino of his flfty-eightb chapter. 

After numerous attempts anil laborious calculations, Kepler at last 
found that au elliptical orbit satisfies all the observations of Tyclto; 
tlien it was that, as he expresses himself in his preface, be regarded 
Mars as a prisoner on parole. In a position thenceforth to iuterrogate 
the captive at leisiuf, he continued to press the inquiry moro closely, 
by marking the places which the new theorj- indicated for the future, 
and he had the satisfaction of seeing the planet, punctual to the appoint- 
ments which he hnd fixed, res|>on(l, so to say, to his summous, as the 
stars raply to their Creator in the book of Baruch, which La Fontaine 
BO much admired: You hare called me ; behoM, I am here! 

This compIet« and iiersistent conformity furnished the irresistible 
evidence of the two celebrated laws which he could at length announce 
with certainty : Mars describes an ellii>sis of which the sun occupies a 
focus. The areas descril>ed by the rarlius vector are proimrtioual to 
the time. 

But our statement of the great discovery of Kepler would be incom- 
jilete did we not particularize two remarkable circumstances which, 
coming fortuitously to the aid of his penetnttion, conducted him with 
more facility to the goal from which they might otherwise have torned 
him asiile. 

The movement of the earth, the presumed knowledge of which had 
served as a basis for all his calculations, was theoretically as imperfectly 
known as that of Mars. The circle in which he makes our planet move 
should be replaced by an ellipsis; but this ellipsis fortunately differs 
from a circle in a snfllciently small degree to render the substilutiou of 
one for the other a matter of indifference for the rate of approximation 
to be adopted. Had it been otherwise, the method would have become 
inexact, and the numbers, by contradicting one another, would have 
wanted and discouraged the accurate and conscientious inquirer. The 
second circumstance, still more remarkable, iierhaps, was the imperfec- 
tion of the methotls of observation and of the instruments of Tycho. 
Kepler might atUrm, it is true, that an error of eight minutes was 
impossible, and this confidence saved everything; had he said asuiucli 
of an error of eight seconds, all would have been lost. The internal 
organ of judgment, to use an expression of Gcetlie, would have ceased 
to be in harmony with the external organ of sight, become too delicate 
and too precise. V^ t 

n,5,t,7i.dtvG00glC 



LIFE AND W0BK8 OF KEPLER. 103 

Kepler had, in fact, deceived bimBelf by regarding the important 
advantage obtained over tlie refrjictory and etubboru planet, as one of 
those decisive victories which forever terminate the contest; the great 
laws to which he had given expression, etemall.v true as they are within 
due limits, are not rigorous and mathematical. Ntinierotis perturba- 
tions cause Mars incessantly to deviate from his path, and release bim 
6t>m time to time from the frail bonds in which the esniting ealcnlator 
thought him entangled forever. For those, it is true, who are enabled 
to penetrate more deeply, the irregularities in question, once explained 
and foreseen, brilliantly confirm the theory of attraction which they 
both enlarge and elucidate ; but the premature knowledge of tUose |)er- 
tarbatioDB, a necessary consequence of more precise observations, would 
perhaps, by involving the truth in inextricable ombarrassmeub^, have 
retarded for a long time the progress of celestial mechanics. Kepler 
would tben have b^n forced, 6inr« the elliptical orbit must have been 
rejected on tlie same grounds with tbe circular, to seek by dii-ect means 
the laws of the disturt>cd movement, at tbe risk of exhausting, against 
insuperable obstacles, all the resources of his peucti-ation and the 
obstinacy of bis patience. 

'■ Kepler now conceived the idea of jienetrating more deei)ly into the 
mysteries of nature and discovering the cause of the movements whose 
laws be bad revealed. Alter having destroyed forever the old error of 
obligatory circular orbits, he announced the simple aud true princi])le 
on which rests to-day all rational mechanics : the natural uiuveiuent 
of a body is always rectilinear; but unfortunately be adds: "I'l-o- 
vided there be not a soul which directs it," aud this restriction nuirs 
everything. Jfej/o uUiim motum perennam non reclvm a Deo ooiuUtum e«M>, 
prtEstdio meataU deatitutum. There needs, according to this principle, hii 
unceasing force to conduct the planet in its curved orbit, and this force 
resides in the sun. Kepler afilnns this expressly: Soli» igitur mrpwt esiie 
foHtem virtutis quas planelaa omnes circumagit. It is the doctrine of 
JJewton, or to si>eak more generally, it is truth. 

Admirers of Kei»ler have seen in the two phrases just quotPfl one of 
his highest titles to renown. On this point 1. cannot agree with them. 
Impatient of the mysterj- of tbe planetary movements, Kepler has here 
not been faithful to the inspirations of bis genius ; nncertiiin and irres- 
olute, he has attempted on the contrary all kinds of explanations with- 
out adopting and Tiudicatiag any one of them, and when the true idea 
crossed his mind, he wa« not al)le to appreciate or employ it. 

After having said that the cause of the movement is in tbe bmly of 
the sun, be supposes that tbe rotation of that orh is transmitted to the 
planets and im[>els them ; he introduces, further, a magnetic f'or<-« de- 
I>endiug on the direction of tbe axis of the body thus imi)elle<l. Views 
of au extn^iiicly vague kind on the nature of attraction lead him more- 
over to believe that it is inversely pmiwrtioaal to tbe distance, and it 
has been remarked that with a very slight modillration, his n'as<mnig 
would have conducted him to the true law. That d<K'S not hinder him 
from believing tluit tbe planet, being sometimes nearer to the sun, some- 
times more distant from it, must be alternately attracted aud repelled. 
■\Vith ft contradiction which shows beyond allelstt the uncertainty of his 
ideas, he asks whether the planet, comprising its tbrce within itself, is 
not endowed with au active ijriuciple which guitles as well as moves it, 
aud without going so far as to accord to it the faculty of reasoniiig, he 
bestows upon it a aoul, which, instructed as to the route it must follow 
for preserving the eternal order of the universe, dli-ects aud maintains 
it therein with uutiagging power aud exhaustless energy. But how, 
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npou this liirpothesis, does tlie planet Baccced in recognizing its path T 
The expression of its velocity necesanrily includes siuea, and admittiDg 
even that this soul has a jtereeption of angles, by what mysterious 
operation, he asks, could it calculate the sines of those angles f Itecur- 
ring, finally, to the idea of a magnetic attraction, he is appreheutsive of 
a conflict between the magnetic jiower and the animal power. These 
confuseil reveries in which the genius of Kepler involves itself, make 
OS involuntarily think of the words we have cited : " Torquebar pane ad 
tiuantam ;" they add nothing to his glory; it imports little that inter- 
polated among these opinions, which are so many errors, he has fur once 
announced the truth without founding it upon solid reasons. When a 
traveler seeks his way in the darkness of a rayless night, and hesitating 
at every step, exclaims anxiously from time to time : Perhaps it is there ! 
shall we prai.se his sagacity Itecauso he has happened tor once to guess 
right and has then passed on T 

It would be ui\just, theretbre, to claim for Kepler the discovery of 
universal attraction, but there is no room for surprise at this. Mecliaa- 
ics, scarcely in its infancy, did not enable him, however clear-sighted, 
to test bis ideas on motive forces and to tninsform them into precise 
and calculated theories ; the labors of Galileo and of Hnygheus were 
necessary to prepare even Newton for this, his immortal achievement. 

The studies and meditations of Kepler were often interrupted and 
constantly troubled by chagrins and embarrassments of every kind. 
The heirs of Tycho were entitled to a share in the property of the as- 
tronomic tables which Kepler had promised ; they complained of hi» 
deferring their publication while he oceujued his time with re-searches 
in physics and with empty speculations, while the celebrated iistron- 
omer Longomontauus constituted himself the organ of their reproaches 
and ntiju-st suspicions. In a letter, at the outset of which he still treats 
Kepler as a leanied man and a filend of long standing, he accuses him 
of indulging an immoderate zeal in the re/nlation of the theoriei of Tgeho, 
of allowing himself to be diverted from the occupations of his office by 
the passion for oritieising everything, and of breaking, by attacking the 
works of his friends, the ties of affection which boun4 them to him. "If 
my engagements had permitted," says Longomontauus, "I would have 
gone to Prague espressly to have an explanation with you ; but," he 
adds with increasing acrimony, " of what, after all. my dear Kepler, do 
you so mucli vaunt yourself! All your researches rest on bases estab^ 
lished by Tycho, in which you have changed nothiug. You may per- 
suade the ignorant, but cease to maintain absurdities before those who 
thoroughly understand the matter. You do not i'ear to compare the 
works of Tycho to the muck of the Augean stables, and, like another 
Hercules, announce yourself ready to cleanse them ; but no one is 
deceivetl thereby or pn-fers yon to our great astronomer. Your arro- 
gance disgusts ail sensible |>eople." 

Accusations so remote from truth could not wound Kepler. He 
despised all this empty objurgation which re-echoed arouud him. A 
few notes on the margin of the letter from Longomoutanus show in 
what estimation our philosopher held it. -Tretty abuse," he writes; 
and again, "decent phrases, if you please, to disguise your spleen." 
His reply, in which he decHucs a useless discussion, displays unbounded 
! kindliness; it enables us to discern the serenity of his mind and moder- 
ation of his character. "At the moment when I received your militant 
epistle, i>eace h»d long been made with the son-in-law of Tycho. Yon 
aud I would resemble, in quarreling, Portuguese and English vessels 
which should tight in the Indies when peace was already ratified at 
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borne. .... Yon blame my mnnncr of accusing aud refuting. I 
field the point, though I do not think that I have deserved your re- 
proaches. From you, my frieud, there is no reproof which 1 do not 
accept. I regret that you ilkl not come to Prague; I would have 
explained my theories, and you would have returned, I trust, fully satis- 
fied. Yon jeer me. So be it; let us laugh together. But why accuse 
me of comparing the works of Tyclio with the muck-heaps of Augeas f 
You had not my letters under your eye; you would have seen that they 
coDtaiaed nothing of the kind. The name of Augeas has found a lodg- 
ment only in your own imagination. I do not dishonor my astronomical 
labors by scarrilities." And in eoncliidiug: "Adieu," he says; " write 
to me as soou att possible, to the end that I may know that my letter 
has changed your feelings in regard to me." 

The peace with the heirs of Tyclio was but a brief frnce; they 
addressed themselves to the Emperor himself; but Rudolph, though 
inc:ipable as Em|ieror and King, had an enlightened and sincere love 
for tlie sciences, and put aside all these importunate cavilings. Sur- 
rounded, however, with enemies and rebels, the Emperor of Germany 
could scarce pay his astronomer some light installmeuts on the con- 
siderable amount which be had fixed as bis salary, and Kepler, in order 
to support his family, was compelled to accept labor of every sort, to 
make almanacs, calculate horoscopes, and place bis erudition at the 
service of every one who could pay fot- it^ 

After the death of Itudolph, his successor, Matthias, less favorable 
to science and not less embarrassed by the incurable divisions which 
distracted the empire, entirely abandoned the observatory of Prague, 
so that its labors were interrupted through the failure of the most iu- 
dispeusable supplies^ Kepler was constrained to relinquish employ- 
ments which tto longer yielded him even bread, and to ac<rept the func- 
tions of professor at the University of Linz. It was in tliis city that 
he lost his wile, Barbara. Not long afterward, in order, he said, to give 
a mother te his three children, but without ailecting to have made by 
doing so any great sacrifice on their account, he married again. After 
having compared with much care and subtlety of discrimination, as we 
see ill one of his letters, the merits and attractions of eleven young per- 
sons commended to him by his friends, he espoused Susannah Iteut- 
litiger, orphan daughter of a simple artisan, who had been carefiilly 
educatetl in one of tlie most distiuguishcd boarding-SL'hools of the 
country. " tier beauty, her habits, her form," he writes, " everything 
about her suits me. Patient and industrious, she will know bow to 
coniluct a modest honsebold, and, though not iu her first youth, she is 
of an age to learn all that may be wanting." This marriage was the 
occasion of an iio[iortant work, iu which Kepler shows by a new example 
that his genius, iu its comprehensive survey, embraced all the depart- 
ments of science. "As I was about to bo married," he says in the pre- 
face, "and the vintage was abundant and winechcap, it was incnmbeut 
on a good father of a family to make provision thereof and replenish 
his cellar. Having therefore bought several casks, the vintner, a few 
days after, made bis appearance with a view to ascertain the price by 
measuring their capacity, and, without making any calculation, plunged 
an iron rod into each cask and at once pronounced its contents." Kep- 
ler then recalls that on the banks of the Rhine, doubtless because wine 
is tbere more costly, the trouble is takeu of emi>tying the barrel in order 
to count exactly the number of quarts it contains. Is the much more 
expeditious method practiced iu Austria sufficiently exaet T " This is 



a question," says Keplei-, "the study of which is not uaworthy jOf 
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geometer newly married ;" and, to solve it, he proceeds to discnss pro- 
blems of geometry which may be aceounted amoog the most difficalt 
which bad been till then andertakeu. A singular coasequeuce deduced 
is the following: 

" Under ttie tuflnence of a goml genius who waa, no doabt, a geometer, 
the constructors of casks have given them precisely the form which, for 
a line of the same length as that me^isured by the gangers, affords the 
greatest possible capacity ; and, as iu the ueigliborhood of the maximum 
the variatious are insensible, sraull accidental deviations exert no appre- 
ciable iuflueuee on the capacity, the exi>e<litioU3 measnreineut of which 
is consequently sufiicieutiy exact." This idea respecting maxima, thrown 
out in passing, but in sncb absolute terms, by Kepler, received its devel- 
opment twenty years later from Fermat, of whom it is one of tho titles 
to honor. 

Kepler a<lds : " Who will deny that nature alone, without any process 
of reasoning, can teach geometry, when our coopers, guided only by their 
eyes aiid an instinctive sense of the becoming, are thus seen to divine 
the form which best conijmrts tf ith an exact measaremeiit V In con- 
formity, at the Slime time, with his habit of mingling reminiscences of 
the classic [mettt with his scientilic labors, be terminates this treatise 
on the Art of metMurijuf ca^ks with two verses, imitated from Oatullos, 
which, freely translated, signify that, when iudnlging iu conviviality, 
we should not count the glasses : 

El guam iiocHla nitle meiuf frimwt, 
(JDNlarboMiHiu ilia, ne tttamtu. 

This very learned work could be of no assistance to Kepler in the 
support of his family, becoming every year more nnmerous; he was 
living, therefore, with great economy and amid continual anxieties for 
the future, when nIStctions still more poignant came to embitter bis 
latter years. A letter from hia sister apprised him that their mother, at 
the advanced age of seventy, had Just been cast into prisou on an accu- 
sation of tbo crime of sorcery.' Incensed at the impertinent absurdity 
of the questions addressed to her by the judge of instruction, Catharine 
Kepler had aggravated her position by becoming accuser in turn, and 
scornfully reproaching the mngistntte with bis abuse of office in the 
acquisition of sudden wealth. Unlmppily, public opinion held berguilty, 
and without any precise allegation overwhelmed her with the odium of 
all the calamities of the vicinage ; esj>eeialiy was general horror excited 
when the fact was established that she never looked any one in the face 
and had never been seen to shed a tear. These signs of malignitj-, it is 
true, were not conclusive, but as the judges, in impeachments of this 
kind, were absolved from the onlinary restraints and had no fear before 
their eyes hut that of seeming too lenient, the usage was to extort by 
torture such confessions as wouhl conduct the victim to the stake. 
Kepler hastened to the scene, and for Ave years of cruel apprehensions 
struggled nncesisiugly for the safety of his mother. Not all the prestige 
of bis renown, liowever, nor bis earnestness in demonstrating that 
"these tests of patience rather than of trntb," as Montaigne expressed 
it, involve the judge in a deeper condemnation than that which he pro- 
nounces, could avail to binder tho instruments of torture from being 
exhibited to the aged Catharine, their uses explained to her, and their 
application threatened if her obstinate silence could not bo otherwise 
overcome. But nothing could shake her constancy; she declared her- 
self ready to suffer everything, and ber lottyand resigned bearing saved 
her finally from tho punishment, but not from the disgrace, which of 
course was reflected painfully on ber son. C oc^qIc 
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Dnring tliese timea of trouble -and disorder all Germimy, agitated, as 
it were, by a violent storm, Beemed little else tban a tbeater for the evo- 
lution of armies and tbe calamities wbicb accouipauy theiu. Oue of the 
most terrible contests which history records, the war of thirty yeafs, 
spread desolation and tbe contagion of deadly maliidiea thn>ugli all tbe 
provinces. In this cniel extremity Kepler, who to assist bis mother had 
renounced tEe functions of professor, was plunged in au ever- increasing 
destitution, against which his ardent spirit struggled without respite. 
But a last affliction was in reserve for bim: be lost a daugliter of tbe 
age of seventeen years. It was'iiow that, bearing up against these dis- 
tresses, he sought refuge in th^se serene regions into which the troubles 
of earth do not iieaetrate, and, casting aside tbe iinportanate burdeu of 
obligatory or lucrative labors, devoted all his thoughts to the composi- 
tion of a work which, as he tells us, yielded bim more pleasure than all 
its readers together could experience in its i^rusal. Those infinite 
spaces which surround us, whose eternal silence dismayed the sceptical 
reason of Pascal, possessed, in tbe harmonious diversity of movements 
which they accomplish, au inexhaustible attraction for the mystical im- 
agination of Kepler; and as he thought that be had long beard in the 
depth of his soul the perpetual chorus of the mysterious voicesof nature, 
he endeavored to give it utterance in the stRinge work entitled, "Bar- 
monices mvndi, Uliri gutn^ue," Five .books of tbe harmony of the world. 

He first studies, geometrically, many regular figures, and tbe analyt- 
ical views to which he is led would have sufficed, as one of our most 
distinguished colleagues baa said, to preserve the work tiom oblivion. 
He reduces his problem to an equation, and iriteri)rets with exactness all 
its solutions. This, and nothing more, is regiii-ded as witbiu tbe scope 
of science at the present day; but such a result does not satisfy Kepler. 
"It is itfoved," he says, "that tbe sides of regular polygons must ne- 
cessarily remain unknown, being, from their nature, uudiscoverable. 
Nor is there anything surprising in the faet that wliut occursin tlie arelt- 
eiype of ilie world cannot be exprcastd in the conformation of its parts." 
Proceetliugafterward to tbe consideration of human mQsie,aiid recalling 
the idea of Pythagoras, who, we are told, compared the i)laMets to the 
seven chorda of the lyre, be aims to show how man, imitating the Cre- 
ator, by a natural instinct is led, as regards the notes of bis voice, to 
make .the same choice and observe the same proportion which God has 
seen fit to intro<luce into the general harmony of the celestial move- 
ments; the same thought of the Creator being thus translated into all 
his designs, of which one may serve as the interpreter and figure for 
another. 

Seeking harmonies wherever they are possible, Kepler devotes ft 
chapter to politics: "Cyrus," he says, "having seen in childhood a man 
of tall stature clothed in short tunic, and near him a dwarf habited in a 
long and flowing robe, was of opinion that they should exchange gar- 
ments in order that each might have what suited his size; but his 
roaster pronounced tliat each should be leil in possession of what be- 
longed to liim. The two opinions might bo reconciled by decreeing that 
the first should, after the exchange, give to tbe dwarf a certain sum of 
money. Every one," adds Kei)ler, "clearly sees by this example that a 
geometric proi>ortiou may be harmonic, such is 1, 2, 4, or the beneficial 
arrangement which gives to tbe tallest the longest robe. An arithmet- 
ical proportion may also be harmonic: such is 2, 3, 4, or the useful ex- 
change wbicb allows not the dwarf, possessing a long robe, to lose his 
property, but enables him to change it into money which he ma; apply 
to a better purpose." (^ - ^ ^-^ ,, | . 
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This passage, which I translate ns closely as possihle, and I need not 
say without well comprehending its meaning, will suffice, I think, to 
give an idea of the chapter on politics. The la^t chapter of the work is 
oocupietl ill determining precisely the nature of the planetary concords. 
Saturn and Jupiter constitute the bass, Mars the tenor, Venus the con- 
tralto, and Mercury the falsetto. 

These obscure and chimerical ideas, in wbich the mind of Kepler 
wearies and loses itself, seem the proHUess aud vain amnsement of au 
imagination released from the control of reason; we read on with sad- 
ness, without venturing to sound the mysterious depths of that great 
intellect led, by an inspiration withont light, into the pure domain of 
phantasy. But in the last pages of the book the genius of the inspired 
dreamer awakens of a sudden to dictate to him those bold and august 
expressions which have become not less immortal thau the discovery 
which they herald: 

"Eight months since," he says, "I had a glimpse of the first ray of 
light; six months since I saw the dawn; a few days ago only did the 
sun arise in its transcendent glory. I give myself up to my enthusiasm, 
and venture to brave my fellow-mortals by the ingenuous avowal that 
I have stolen the golden vessels of the Egyptians in order to raise a 
tabernacle to my God far from the confines of Egypt. If I am par- 
doned I shall rejoice at it; if it is made a reproaoh to me I shall bear 
it; the die is cast. I write my book; whether it be read by the present 
ago or by [wsterity imporis little; it may well await a reader; has not 
God waited six thousand years for an observer of his worksf 
''Tlien, recurring to the precise language of science, he aunounces the 
celebrated law which, binding together all the elements of our system, 
connects the greater axes of the planetary orbits with the time of their 
revolutions. Nothing citn be more unexpected than this vivid light, 
which seems to spring out of chaos; the astonished reader asks himself 
how it is that these precise rules and mathematical proportions iipi)ear 
all of a sudden iu a world which Kepler seems to have been traversing 
as in a dream; how such abrupt clearness succ^-eds such j^rot'ound ob- 
scurity, such pure melody the uncertain harmonies which precede it. 
There is nothing to-day to inform us. Kepler announces bis law ; verifi'es 
it, without communicating to us, as was his wont, the history of his 
ideas; and then, transported with the full and entire {wssession of one 
of the secrets longest and most ardently sought, he breaks forth into 
raptures of thanksgiving, and, not content with the common language 
of humanity, borrows the majestic symphonies of the Psalmist: "The 
wisdom of the Lord is iufinite, so also are Ilis glory and His power. Ye 
heavens, sing His praisesl Bun, moon, and planets, glorify Ilim in your 
Ineffable languagel Celestial harmonies, and all ye who comprehend 
His marvelous works, praise Him I And thou, my soul, praise thy Cre- 
ator! It is by Him and in Htm that all exists. That which we know not 
is comprised in Him, as well as our vain science. To Him be praise, 
lioDor,and glory throughout eternity!" 

And in a note not less animated, and more touching, perhaps, than 
the text, he adds: "Glory also to my old master, Mtestlin!" 

The Emperor Matthias was dead. His successor was bis nephew 
Ferdinand, of Austria, whose pious energy, intent on extirpating the 
Protestant worship in Styria, had, twenty years before, troubled the life 
of Kepler. His zeal had not relaxed, aud the per8e<aition was rekindled 
with increasing violence: "Whither shall 1 betake myselff" writes 
Kepler to a friend. "Should I seek a province already devastated, or 
one of tiiose which will not fail soon to be sot" He Uul fortunately 
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preserrct) liis itieDdly relations with the most distinguislied of the 
Jesuits, and, aa their influence over th^ mind of Ferdinand was uq- 
bonnded, they managed, when Walleost^iii was named diike of Fried- 
land, to baveao article introduced into tlie decree which might secure 
Kepler's safety by attachini; him to the duke's st-rvice; it was also stiji- 
nlated that the arrears of his salary as imperial astronomer shouhl be 
paid out of the revenues of the duchy. But new difiiculties soon arose: 
the preutle-spirited and affectionate Kepler, separated from his wif'o and 
children, could not become recoiiciled to the tumult and disonler of the 
camps. Little fitted for the calling of a courtier, he was deUcient in 
the assiduity and pliancj' necessary to win the favor of a haughty and 
im|>erioua master, whose protection was but a disguise<l servitude. 
Walleustein, seeing witli extreme impatience the little faith reposed la 
the language of the stars hy him whom be considered as his astrologer, 
did not long defer the dismissal of Kepler, replacing him by the Vene- 
tian, Seni, whose delusive and aeeommoduting science tlatten-d, to the 
Inst, the presumptaons ambitiou of a soldier who, as Schiller snys, 
"could scarcely tolerate that his will was not authoritative e^'cn iu the 
skies." 

Kepler feared not, in his weakness, to dare the resentment of the all- 
powerful man who had imposed his laws on the Euii>eror himself; be 
demanded with pertiuacity the payment of the sum stipulated in the 
imperial decree; hat his streugth was exhausted in vain iu the numerous 
journeys rendered necessary by the i>rosecutiou of bis claim, and be 
died at Ratisbon, in 1C20, at the age of fifty-eight years. 

By the union of the most opi>osite qualities, Kepler occupies in the 
history of science an altogether exceptional phice. By evincing, from 
bis first steps in the sta<ly of astronomy, the presumptuous hope of 
deciphering the enigma of nature, and of elevating himself by pure 
reasoning to a knowledge of the aesthetic \'iews of the Creator, he 
seemed at first t« wander with an insensate audacity, and without find- 
ing soundings or shore, over that vast and agitated ocean where Des- 
cartes, pursuing the same object, was destined soon to lose himself 
beyond retrieval; but, in the ardent and sincere aspirations of his soul 
toward truth, if the curiosity of Kepler disquiets and impels him, it 
never delivers him over to the blindness of self-conceit. Bi'garding as 
certain only what bad been demonstrated, he was always ready to cor- 
' rect bis determinations by the sacrifice of his most cherished discoveries 
as soon as a severe and laborious examination refused to confirm them ; 
bat what sublime emotions, what utterances of enthusiasm and exulta- 
tion, when success has Justilied his temerity, and by persisteut eCturta 
he has attained his end! The noble pride which elevates and sometimes 
inflates bis language has nothing in common with the rain-glorious 
satisfaction of a vulgar discoverer. \ Ounfi<lent and daring when he is 
seeking, Kepler becomes modest and simple when what he seeks is 
found, and, in the transports of triumph, it is to Uod alone that he 
ascribes the praise. His soul, equally comprehensive and exalted, was 
without ambition as without vauity; he coveted neither the honors nor 
applause of men; aSecting no superiority over the cultivators of sci- 
ence, obscure as they now arc, to whom bis corres|>ondence is luldressed, 
he never ceases to express the same respectful deference for the aged 
Moestlin, whose sole glory in our eyes is that of having formed such a 
disciple. When, after having mastered bis greatest discoveries, it be- 
came necessary for him to descend every day from the most exalt«d 
contemplations to struggle with the vulgar necessities of life, ho never 
compluined at seeing but merit overlooked or disputed,. nndalvays 
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accepted unaffectedly, without mnrmuring or repiaing, the labors aud 
employmerita, wliatcver they might be, which would aid him in ttie 
sHsteuaoce of his family. 

The laws of Kepler are the solid aud impregoable foundation of modern 
astronomy, the Immutable aud eternal rule of the disphicemeat of the 
heavenly bodies in space; no other discovery, perhaps, has tietter justi- 
fied the words of the sage : He tcho increases knowledge increases labor ; 
no other has given birth to more numerous researches aud greater dis- 
coveries; but the long and laborious roilte which led to it is known but 
to the few. Koue of the inimerous writings of Kepler are reg-arded as 
classical ; his renown alono will be immortiil ; it is written in the heav- 
ens; the progress of science can neither diminish nor obscure it, and 
the planets, by the always constant succession of their regular move- 
ments, will proclaim it from age to age. 

[NaTK.~Nothir 

■been otlitresiwfl ii . ^ . 

atithnr liaa probably tli'>ui;bt it aupi^rdiiniis to give ho ilistinct anil formal a stateiuent 
of (bo tbrenlaiVrB, ua the; arocalleil, of Kepler, {Itegula Efplrri,) as it may be coiivcDieot 
for tbo )>eiieral reailer to have beneath bis eye. For tbia reaaoD, tbe following brief 
eiponilion of those celebrated astronomical auumi in bets trnnBcribed from tbe Edcj- 
clopedia Americana. — Tr. 

''Tbo brat of these luwa is that the planets do Dot niov«v as CapemicnH bad imagined, 
in cii'clee, but in cllipaos, of nbkb tlio nun is in uoo of tbo foci. For this, Kepler waa 
indebted to the observations which Tyclio had made on the planet Mars, wliiiise eccen- 
tricity is considerable, and agrees particularly with the rule; in dotortaining which 
Kepler went through an indescribably laborious analysis. Tlie second law is, that an 
imaginary straight line from the snn to tbo idanels, radiui reclvr, always describes 
equal sectors in equal times, lly this rule Kepler calculated his tables, imagining the 
whole plane of revolution divided into a number of such sectors, ami, from ttiiit, h« 
investigated their respective angles at the sun. This was called Krpler't prubhm. Tb« 
third law teaches that, in the luolion of the planets, the squares ol tbe times of revo- 
lution are as the ouhes of tbe mean distances from the sun ; one iustatioe of the appli- 
cation of which law, in the want of other means, is in the determination of tbe distauce 
of the planet Herschel iroTa the snn, it having boea ascertained that ita time of rcvolu- 
" - " '" ■ a little more than eighty-two years," 
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Bt H. AitAGO. 



READ AT A PUBLIC SmiNG OF THE ACADEMY OF SCIENCES, NOVEMBER 
96, 1S». 

[Tlio ptovionsculoKicsvrhiphhftvobeen pnblished Intheapiwndisto theSniithnoninn 
report, haTo bevn translated for tlie ItiBtitntion from the ori|;inal French. The follow- 
inj( enlogy, howovur, i» repriut-wl from a translation liy the late Badeo Powell, pn>- 
feiisor ofuatural pliilosopliy iu the uiiivorsit; of Oxford.— J. U.] 

Gentlemen: It seems ns if doath, who is incessantly tliinniDg our 
ranks, directed bis stroke with a fatal predilection against that class of 
our body, &o limited in nuinl)er, our foreign associates. In » short space 
of time the Academy has lost, from the lists of its* members, IleTschel, 
whose bold ideas on tlie structure of the universe have acijuired every 
year more of probability ; Pi.izzi, who, oo the first day of the present 
centary, presented our solar system with a new planet; Watt, who, it 
not the inventor of the st«am-engine, the inventor having been n 
Frenchman,* was at least the creator of so many admimhie con- 
trivances by the aid of which the little instrument of Papin has become 
the most ingenious, the most useful, the most powerftil me^ns of apply- 
ing industry; Volta, who has been immortalized by his electric pile; 
Davy, equally celebrated for the decomposition of the alkalies and for 
the invaluable safety-lamp of the miner: Wollaston, whom the English 
. called the Pope, liecausc he never proved fallible in any of his numeroas 
experiments, or of his subtile theoretical speculations; Jenner, lastly, 
whose discovery 1 have no need to extol in the presence of fathers of 
families. To pay to such of its distinguished ornaments the legitimate 
triboto of the regret, of the admiration, and of the gratitude of all 
meo devoted to study, is one of the principal duties which the Academy 
imposes on those whom it invests with the resi)onsible honor of speak- 
ing in its name in these solemn meetings. To pay this grand debt, with 
the least possible delay, seems an obligation not less iini)cnitive. Gen- 
tlemen, tlie native Academician always leaves behind him, among the 
colleagues with whom he has been united by the elect ion of the Academy, 
many confidants of his secret thonghts, of the origin and course of his 
researches, of the vicissitudes which he has gone through. The foreign 
associate, on the contrary, resides far away from us ; lie rarely joins in 
our meetings; wo know nothing of bis life, his habits, his character, 
unless from the reports of travelers. When several years have passed 
over such fugitive documents, if we still find any traces of them, we 
cannot reckon on their accuracy. Literary intelligence which has not 
found a record in print is a sort of coin the circulation of which alters 



■ This IB not tbo place to enter on the controvetHy respecting tho invention of the 
■teani-cneine. It may, however, l>e remarket) that we may b« wi-U content to allow it 
to remain a question of tffjiree. Every tea-kettle is a steam-engine. A very alight and 
obvious contrivance will enable steam to raise a piston. Let any one tletino what he 
mcBnH pniciacly by the ttrm Htcam-engino, and the question of priority of invoution 
will be eoaily settled. — TuaksLlATOK. 
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accepbe same time the impression, the freight, and the inRcription. 

empkse reflections tend to show why the names of snch men as Ilerschel, 

BU^vy, or Volta ought to he mentione<l in our assembhes before those 
Jf many celebrated Academicians whom death baa smitched from our 

f more immediate circle. Moreover, I hope that after what I sliall be 
able to adduce, even in a few minutes, no one will be able to deny that 
the man of uiiiversiil science, whose life I am about to describe, and 
whose labors I shall analyze, has some real claims to preference. 



Thomas Young was bom at Milverton, in the county of Somerset, 
June 13, 1773, of parents who belonged to the Society of Friends. Ho 
passed liis earliest years at the bouse of his matenml grandfather, Mr. 
Eobert Daviea, of Minehead, whom the active business of commerce 
had not been able to divert fh>Qi the cultivation of classical literature. 
Youug could read fluently at the age of two years. His memory was 
extrnordinary. In the intervals of bis attendance at the house of a 
Tillage schoolmistress in the neighborhood of Minehead, at four yearn 
old, he bad learned by heart a number of English authors, and even 
several Latin poems, which he could repeat from beginning to end, al- 
though he did not understand a word of the language. The example 
of Yooiig, like many others of celebrity recorded by biographers, may, 
then, contribute to keep up the common pre[H>ssession of so many good 
fathers of families, who see in certain lessons, according as tliey may be 
recited without faults on the one hand, or are badly learned on the 
other, infallible indications of an eternal mediocrity in the one case, or 
the beginning of a glorious career in the other. It would, indeed, be 
far from our ohject if these historical notices should tend to strengthen 
such prejudices. Thus, without wishing to weaken the vivid and pure 
emotions which every year the distribution of prizes excites, wo may 
remind some, in order that they may not nbandon themi^elves to dreams 
which they will not realize, and others, in order to fortify them against 
discouragement, that Picus de Miraiidula, the phenix of learners of all 
ages and countries, became in mature age an insignificant writer ; that 
Newton, that jiowerful intellect of whom Voltaire in some well-kDOwn 
Hues asks the angels whether they are not jealous — the groat Newton, 
we observe, made but indifferent progress in the classes of his school ; 
that study had for liim no attractions ; that the first time he felt the 
wish to labor, it was merely to take the place of a turbulent school- 
fellow who, by reason of his rank in the school, was seated on a form above 
him and annoyed him by kicks ; that at the age of twenty-two he was 
a candidate for a fellowship at Cambridge, and was beaten by one Itobert 
TJve<lale, whose name but for this circumstance would have remained 
to this day perfectly unknown ; that Fonteuelle, lastly, was more inge- 
nious than exact when he applied to Newton the words of Lucan, "It is 
not given to men to see the Nile feeble and at its source." 

At the age of six years Young entered under a teacher at Bristol,* 
whose mediocrity was a fortunate circumstance for him. This, gentle- 
men, is no paradox; the pupil, not being able to accommodate himself to 
the slow and limited steps which his master took, became his own in- 
structor, it is thus that those brilliant qualities developed themselves 
which too much aid would certainly have enervated. 

* The iUMt«r, whose nnme was King, nt first kejit scbwil nt Sc&nletoii, and thenco 
removoit to Towneoil. Imth iiear Bristol. YonnR's iMiqnnintance witii the Hnrreyor 
comDicnced olttir be quitted that scliool. (See Pencock'H Lifu, p. S.) — Tiuxblator. 
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Young waa only cigbt yenrs of age when chance, whose influence in 
thocventsof man's life isinoreeousiiiorable than our vanity often allows 
na to admit, took him from studies exclusively literary and revealed his 
real vocation. A 8un*eyor of mnch merit in the nei(;hborhood took a 
great fancy for bini; be took him out into the country sometimc8 on 
holidays, and pci-mitted him to amuse himself with his instruments of 
surveying and natural philosophy. The operations by whose, aid the 
young scholar saw the distances and elevations of inac<;cssible objects de- 
termined powerfnlly struck his imagination ; but soon several chap- 
ters of a mathematical dictionary made all that seemed mysterious in 
the matter disappear. From this moment, in bis Ilolyday excursions, 
the quadrant took the place of the kite. In the evening, by way of 
amusement, the engineering novice calculated the heights measured 
in the morning. 

From the age of nine to fourteen Young went to a school at Compton, 
in Dorsetshire, kept by Mr. Thomson, whose memory he always cher- 
ished. During these five years all the pupils of the school were occupied 
exclusively, according to the practice of English schools, in a miuuta 
study of the principal writers of Greece andltomc.* Young continually 
maintained his place at the head of his class, and yet he learned at the 
same time French, Itaban, Hebrew, Persian, and Arabic ; French and 
Italian, from the chance object of satisfying the curiosity of a school- 
fellow, who possessed some works printed at Paris, of which he waa 
desirous to know the contents ; Hebrew, in order to read the Old Testa- 
ment in the original ; Persian and Arabic, with the view of deciding a 
qnesdon started at table, whether there were as marked differences 
between the Oriental laogiinges as between those of Euroi>e. 

I perceive the necessity of mentioning that I write from authentic 
documents before 1 add that, during what might appear so fabulous a 
progress in languages, Young, during bis walks at Compton, was seized 
with a violent passion for botany; and that being destitute of the 
menne of magnifying objects of which naturalists make use when they 
wish to examine the delicate parts of plants, he undertook to construct 
a microscope himself, without any other guide than a description of the 
instrument in a work by Benjamin Martin; that to arrive at this diffi- 
cult result it was necessary to acquire some skill in the art of turning; 
that the algebraic formulas of the optician having presented to him 
symbols of which he had no idea, (those of fiaxions,) he was for a mo- 
ment in great perplexity; hut not being wiUing at last to give up the 
enlargement of bis pistils and stamens, he found it more simple to learn 
the diQ'erential calculus, in order to comprehend the unlucky formula, 
than to send to the neighboring town to buy a microscope. The ardent 
acrivity of the juvenile Young had led him to exertions beyond the 
strength of his constitution. At the age of fourteen his h^th was 
Hadly altered. Various indications excited fears of a disease of the 
lungs; but these menacing symptoms at length yielded to the prescrip- 
tions of art, and the anxious c^ires of which this malady made Mm the 
objert on the part of itll his relations. 

It is rare among our neighbors on the other side of the Channel! that 

* It wonld appear from Yodiis'b oim nccooDt tbat a far more liberal system waa 
tenlly paraac-d iu this ecbool. Also, the nraiaes of the Dsher, Joainh Jeffery, should 
Derer be omitted, who iuUiated Young at leisure hours into a varieCr of esperimental 
sad nrnctical subjecte, which coottibuted materiaUy to bia future success. (See Pea- 
cock's Life, p. 6.>-TBANSLA'n>R. 

I The rewter will of course make due allowauce Id this and many other passages for 
the idoM of a forejcner as to Eogllsh liabibi. The anccdoto of Youog's pemofuiBlup 
which follows is differently giveu by Dr. Peacock, p. 12.— Truisutor. ,-. . 

8 s • C.ooqIc 



U4 



EULOGY ON THOMAS YOUNG. 



ATivh person, iritru»tiiig his son to tbe careof a private instructor, does 
not seek for tiiin a fellow-pupil of tlir same age among tbose who have 
been reoiarkable for their Buecess. It was in this capacity that Young 
became, in 1787, the fellow-puinl of the grandson of Mr. Davi<l Barclay, 
of Yonnf^bury, in Hertfordshire. On the day of his first appearance 
there Mr. Barclay, who doubtless felt the right of showing himself some- 
what exacting with a scliolar of fourteen years of age, gave him several 
phrases to copy, with the view of ascertaining his skill in penmanship. 
Young, perhaps somewhat humiliated by this kind of trial, demandetl, 
in order to satisfy him, permission to retire to another room; this ab- 
sence being prolonged lM>yond the lime which the transcription would 
have required, Mr. Barclay began to joke on the want of dexterity he 
mnst evince, when at length be reentered tbe room. The copy was 
remarkably beautiful ; no writing-master could have executed it better. 
As to the delay, there was no longer any need to speak of it, for "the 
little Quaker,"* as Mr. Barclay cidled him, had not been content to tran- 
scribe the English pbraacs set him ; lie had also translated them into 
nine different languages. 

The preceptor, or, as they call him on the other side of tbe Channel, 
thefufor, whohad todirect tbe twoscbolai'sat Youngsbury, wasayoang 
man of much distinction, at tiiat time entirely occupied in i>erfecting 
himself iu the knowledge of tbe ancient languages. He was the future 
autbort of Calligrapkia Oram. He was not long, however, in iKTceiv- 
ing the immense superiority of one of his pnpils, and he recognized, 
with praiseworthy modesty, that in their common studies the true tutor 
was not always he who bore that title. At this period Young drew np, 
contniually referring to the original sources, a detailed analysis of the 
numerous sy}<teiu3 of philosophy which were professed in the difi'ereiit 
schools of Oreece.t His friends spoko of this work with tlie most lively 
admiration. I know not whether the public is destined ever to see it. 
At all events, it was not without infiueoee on the life of it« author; for, 
in giving himself np to an attentive and minute examination of the sin- 
gularities (to use a mild term) with which the conceptions of tbe Greek 
philosophers teemed, Young {tereeived that the attachment which lie re- 
tained to the principles of the sect in which he was boi-n became weakened. 
However, he did not separate entirely from it till solne years allerward, 
dnring his sojourn iu Edinburgh. 

The little studioas colony at Youngsbnry quitted the country daring 
some month.s in the winter, to reside in London. During one of these 
excursions Young met with a teacher worthy of him. He was initiated 
into chemistry by Dr. Higgius,§ whoso name I can the less dispense wjtli 
mentioning, siuee, iu spite of his earnest and frequent remonstrances, 
there was an obstinate disinclination to acknowledge the share which 
legitimately belonged to him in the establishment of tbe theory of defi- 
nite proportions, one of the most valuable discoveries of modern chem- 
istry. 

Dr. Brocklesby, the maternal nncle of Young, one of the most popu- 
lar physicians iu London at the time, justly couiidont of the distinguished 
success of the young scholar, communicated occasionally his productions 
to men of science and literature, and to men of the world, whose appro- 

■ This (MvinB improbable, w Mr. Barclny'a family were of the saoje sect.— TiiASSLiTOR. 

IMr. Htxtjiltin. 

t Thia \roTk ia not mentioned by Dr. Peacock.— Tli a nrlaTOR. 

tTtieabaro borne by Ur. Higgiiia in thcsufiKOHlioD or iliacorery of Ibeftlomic theory 
baa been varionaly estimated. Tot an apparently {lerfcctly fair view of tbe cms, tbe 
reader is refurred to Dr. Duubeny'ii Atomio Tbeary, p. 33.— Translator. 
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batioD miglit have greatly flattered his vanity. Young tlms found him- 
self at au earl; period in person.il relation with those celebrated men, 
Burke nud Wjndham of the House of Commons, and the Duke of Kidi- 
moud. The last nobleman, then master of the ordnance, offered him 
the iilaw of private secretary. The two other stiitcsmeu, althou>;h tliey 
wished him alao to follow a career connected with the public adminis- 
tration, yet advised liim first to go through a course of law at Cam- 
bridge." With such powerful patrons, Young might reckon on one of 
those lucrative oflBces which persons in |>ower ai-e not alow to l)esf«w on 
thhse who will spare them aU study and application, and daily furnish 
tUvm >i^ith the means of shining at the court, the council, the senate, with- 
ont compromising their vanity by committing auy indiscretiou. Yonng, 
buppily, had a conscionsncss of bis powers; be perceived in himself the 
gerui of those brilliant discoveries which have since adorned bis uam<e; 
he preferre«l the laborious but iude[teudent career of the man of letters 
to the golden chains which they exhibited so temptingly to bis eyes. 
Honor be to him fur such a determination I May his example serve as a 
lesson to so many yonng men whom political ambition diverts from a 
more noble vocation to transform themselves into mere officials, but who 
might Icarn, like Young, to turn their eyes to the future, and not sacri- 
fice to the futile and transitory satisfaction of beiug surrounded by per- 
sons soliciting favors the solid testimoniesof esteem and gratitude which 
the public rarely fails to offer to intelleclnal labors of a high order; and 
if it happen in the illusions of inexperience that they should think too 
benvy a sacritice imposed on them, we wouhl ask them to take a lesson 
of ambition from the mouth of a great captain, whose ambition knew no 
bounds; to meditate ou the words which the First Consul, the victor of 
Marengo, addressed to one of our most honored colleagues (M. Lenier- 
cier) on the day when he, quite in accordance with his character, had 
just refused a place then of great im|>ortance, that of cx>uncilor of state : 

" I understand, sir, you love literature, and you wish to belong alto- 
gether to it. 1 have nothing to oppose to this resolution. Yes; I, my- 
self, if 1 had not become a genend-in-t^bief and the instrument of the 
fate of a grcat nation, do yon think I wouhl bave gone through the offices 
and the salons to put myself in dependence on whoever might happen 
to be in power in the position of minister or ambassador! No! no! I 
would have taken to the exact scien<?es. I would have made my way in 
the path of Galileo and Newton ; and, since I have succeeded constantly 
in my great enterprises, truly I should linve l>een equally distinguished 
by my scientific tabors. I should have left behind me the remembrance 
of great discoveries. No other kind of glory would bave tempted my 
ambition." 

Young made choice of the profession of medicine, in which he hoped 
to Itnd fortune and independence. His medical studies were commenced 
in London under Baillie and Cruikshunk. He continued them at 
Edinburgh, where at that time Drs. Black, Sluuroc, and Gregory were 
in the height of their celebrity. It was only at Gottingen in the fol- 
lowing yejir (1795) that he took the degree of doctor.t Before going 

* "Mr. Wyodliam advised him not to accept the appolDlnicnt, and rtconiDiemled 
him mtbor to proceed to Cambridge and stud]' the law." (Peacock's Life, p. 4a.)— 
Tban8U>to». 

t The author has omitted that, in 1797, Young entered 08 a fellon-cnminoDer at 
Kmanael College, Cambridge, and id due time graduated there rcgnlarly in meilicine, 
a Ht«p at that tioie neceaaury for his admission to tbo College of Physicians, in order to 
enable him to practice as a physician in Loudon. (See Peacock's Life, p. ll.'i.) In the 
oniversity he was familinjly known b; the name of " Phenomenon Yonng." — Tjia)ii»> 
I.&TOB. 



, Google 



116 EULOGY ON THOMAS YOUNG. 

tliroiisli tliis form, so empty, yet always so imperatively exact«(I, Yoang, 
hardly beyond tbe period of yoatli, had become known to the scientific 
world by a uote relative to the gum ladaiium ; by the controversy wliich 
lie sustained against Dr. Eeddoes on the subject of Crawford's theory 
of lieat; by a memoir on the habits of spiders, and the tlieory of Fahri- 
cinK, tlie whole enriched with erudite researches; and, lastly, by an in- 
quiry, on which 1 will enlarge on account of its great merit, the untisual 
favor with which it was received at its first production, and the neglect 
into which it hatt since fallen. 

The Itoyal Society of London enjoys throughout the whole kingdom 
a vast and deserved consideration. The Philosophical Trausactions 
whi(;h it publishes have been for more than a century and a half the 
glorious archives in which British genius holds it au honor to deposit 
its titles to the recognition of posterity. The wish to see his name in- 
scribed in the list of fellow-laborers in this truly national collection be- 
side the names of Newton, Bradley, Priestley, and Cavendish, has 
always been among the students of the celebrated universities of Cam- 
bridge, Oxford, Edinburgh, and Dublin* the most anxious as well as 
legitimate object of emulation. Here is always the highest point of 
ambition of the man of science ; he does not aspire to it unless on oc- 
casion of some capital investigation ; and the first attempts of his youth 
came before the public by a channel better suited to their importance, by 
the aid of one of those numerous periodicals which, among our neighbors, 
have contributed so much to thu progress of human knowledge. Such 
is the ordinary course ; such, consequently, ought not to have been tlie 
courfic followeid by Young. At the ago of twenty he addressed a paper 
to the ICoya) Society. The council, comiwsed of the most eniiuent 
men of the society, honored this paper witli their sufi'rage, and it soon 
after appeared in the Philosophical Transactions. The author treat«4l in 
it of the subject of vision. 

THEOET OF VISION. 

, The problem was anything but new. Plato and his disciples, four cen- 
turies before our era, were occupied with it ; butatthepresentday their 
conceptions can hardly be cited but to justify the celebrated and little 
flattering sentence of Cicero : " There is nothing so absurd that it has 
not l>eeu said by some of the philosophers." 

After passing over an interval of two thousand years, we must from 
Greece transport ourselves to Italy, if we should fiuil any ideas on the 
wondei'ful subjei^t of vision which merit the remembrance of the liLsto- 
rian, where, withont having ever, like the philosopher of iEgina, 
proudly closed their school against all who were not geometers, careful 
experimenters marked out the sole route by which it is permitted to 
man to arrive without false steps at the conquest of unknown regious of 
truth ; there Maurolycus and Porta proclaimed to their contemiMimries 
that the problem of discovering what is presents sufficient difficulties to 
reu<ler it at least somewhat presumptuous to cast ourselves upon the 
world of intelligences to search alter what ought to be ; there these two 
celebrated fellow-countrymen of Archimedes commenced the esplana 
tion of the functions of tbe different media of wltieli tbe eye is com- 
iwsed, and showed themselves contented, as were at a later jwriod 
Galileo and Newton, not to ascend above those kiuds of knowledge 
which are capable of being elaborated or correuted by the aid of our 

« uDuerousclatti not of tboaebodiM. — 
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senses, and which have been stigmiitized nuder the pwticoes of the 
Academy by the coDtemptuous epithet of simple opinion. Stich is 
nlwnys human wealiiiesij that, after having followed with a rare success 
the priucipal deviations which light undergoes in parsing through the 
cornea and thecrysta))ine,Maurolyeus and Porta, when very near attain- 
ing their object, stopped short, as if before au in surmount able difficulty, 
when it was objected to their theory that ubjeets onglit to nppear iu an 
inverted ]>ositiou if the images formed iu the eye are themsolvcM iu- 
verte<l. The adventurous spirit of Keptcr, on the contrary, did uut re- 
main embarrassed. It was from peiyvhology that the attack originated ; 
it was equally from psychology, clear, precise, and mutheinatical, that he 
overthrew the objection. Under the powerful hnud of this great man 
the eye beciime,detimtively,the simple optical apparatus kuowu by the 
nam© of the camera-obBcura ; the retina is the ground of the picture, 
the erj'stalliDe replaces the glass lens.* 

This assimilation, generally adopted since Koplei-'s time, remains open 
only to ouedifiiculty; the camera-obitcura, like an ordinary telesf'ope, re- 
quires to be brought to a proper focus, according to the distance of ob- 
jects. When objects are near, it is indispensable to increase the distance 
of the picturo from the lens ; a contrary movement becomes ni>ce8sary 
as they become more distant. To preserve to the images all the dis- 
tinctness which is desirable, without changing the i>ositioQ of the sur- 
face which receives them, is therefore impossible ; at least, always sup- 
posing the curvature of the lens to remain invariable, that it cannot 
increase when we look at near objects, or diminish for distant objects. 

Among the ditt^rent modes of obtaining distinct images, nature has 
assuredly made a choice, since man can see with great distinctness at 
rertf different distances. The question thus jiut has afforded a wide 
subject of remark and discussion to physicists, and great naaies have 
figured in the debate. Kepler aud Descartes held that the whole ball 
of the eye is susceptible of being elongated and dattened. Porter- 
ftekl and Zinn contended that the crystalline lens was movable, and that 
it could place itself nearer to or further trom the letina, as might be 
needed. Jnrin and Musschenbrceck believetl in a change iu the car\'a- 
tnre of the cornea. Sauvages and Bourdelot supposed also that a 
change in cnrvature took place, but only in the crystalline lens. Such 
is also the system of Young. Two memoirs, which our colleague suc- 
cessively submitted to the Itoyal Society of London, include the com- 
plete development of his views. 

In the first ot these the question is treated almost entirely in an 
anatomical point of view. Young there demonstrates, by the aid of 
direct observations of a very delicate kind, that the crystalline is en- 
dowed with a fibrous or muscular constitution, admirably adapted to 
all sorts of changes of form. This discovery overthrew the only solid 
objection which had, till then, op))oscd the hypothesis of Sauvages and 
Bonrdelot. That h,v)>othesis had no sooner been announced than it had 
been attacked by Hunter. Thus this celebrated anatomist aided the 
cause of the yonug esi^rimenter by the attention drawu to the subject, 

'The anthor Beenia to h.ire left this Uliiittration incompleto. Kopler'a Biiggcstion of 
th«i identitj of the eye with the cnniera-flbscnra, aft«r all, does not touch the diflHcnlt; 
of the xureniOB of the iiiiBKe. Nor has it been coDsidtTod as completely cleared un evi-D 
till much lutvr timec The Bolutlon which, it is believed, is now most ^nerally ae- 
■EDled to is this: It ia a law of onr constitution, dependent ou some ph^iolo^cnl 

Srinciple unknown, that we refer impreseions on the rcIiniL to objects existing, or be- 
eved to <!xiBt, in the rcctilinenr direction /h>m (cAtcft the impression comes to the retina. 
Cunupquentlf , na rnys crons nt llio pupil, fallttig on the upper part of tbe retina a my 
siiggMts tu> oljjfct lying heloip, or au inttrted image HUggusta nu erect obJect.~ . t 
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wliile his labors were as yet nnpnblialied, and not even communicated 
to any one. However, this point of tlie discussion soon lost its irnijor- 
tauce. The learned Leuweulioeic, armed with bia powerful uiicroscaiws, 
traced out and gave figures of the muscular fibres in all their ramittca- 
tions in the crystalline of a fish. To awaken tlie atteution of tlie 
scientific world, tired with these long debates, nothing less was neces- 
sary than the high renown of the two new members of the Koyal 
StK'icty who entered tlie lists — one a celebrated anatomist ; the other 
the most eminent instrumeut-maber of whom England conid boast. 
These Jointly presented to tbelioyal Society a memoir, the fruit of their 
combined labors, intended to establish the complete unalterabilily of 
the form of the crystalline. The scientific world was not prepared to 
mliiiit that Sir Evcrard Home and Itamsden together could possibly 
make inaccurate experiments, or be deceived in micrometrical measure- 
inents. Young himself could not believe it, and in consetjuenco be did 
not hesitate publicly to renounce his theory. This readiness to own 
bimaelf van4]uished, so. rare in a young man of tweuty-five, and 
esi>eciidly on the occasion of a first publication, was, in this inst^uce, 
an act of modesty without example. Young, however, had i-eally 
notbing to retract. In 1800, after having withdrawn his former dis- 
avowal, our colleague develoiwd anew the theory of the change of form 
of the crystalUne iu a memoir agaiust which, from that time, no serious 
otijectiou has been brought. 

Nothing could be mure simple than his line of argument ; nothing 
more ingenious than his experiments. Young, in the first instance, got 
rid of the hypothesis of a change of curvatnix; in the cornea by the aid 
of iiucr()8C0pic observations, which were of a kind to render the most 
minute vuriations appreciable. We can say more : ho placed tliooye in 
sjH'ciul conditions where chani^s of curvature in the cornea would have 
been withont effect ; he plunged tiie eye in water, and proved that there 
was still the same faculty of seeing at diflereut distances preserved. 
TIw second of three possible supjiositions, that of an alteration in the 
dimensions of tlie whole organ, was again overthrown by a multitude 
of olijet^tions and of experiments which it was difficult to resist. 

The problem thus seemed fiuully settled. Who does not see, in fact, 
that if, of three only [wssiblc solutions, two are put out of the question 
the third is necessarily established; that if the radius of curvature of 
the cornea and the longitudinal diameter of tlte irhole eye are invariable, 
it must follow that the form of the crystalline is invariable f Young, 
however, did not stop there; be proved directly, by the minute phe- 
nomena of the c-hanges in the images, that the crystalline really changes 
its curvature ; he invented, or at least gave perfection to, an instrument 
Rusceptihie of being employc<l eveo by the least intelligent persons, and 
those least accustomed to delicate experiments, and armed with this 
new means of investigation, he nssui-ed himself that those individuals 
in whose eyes the crystalline has been removed in the operation for 
catanict did not enjoy the faculty of seeing equally distinctly at all dia- 
tances.* 

' TbiB iiistnimoiit, callvil aii "oiitiitiU'ter," wita ori|^nall,v pruiwtH'it byDr. I'ortcrlielil. 
und L'uusiHtit of a simplo unit iiigriiiuiiH cuiitriviiiici' lur ascertain iuK lliu fural li-iiglli »f 
tlu- vye, tvliich varii's bo i^vatly in dill'iTunt iuiliviiliiults mul ufti'ii in twu eyes of lliu 
sanio iwriMn, auil id tl]« somu I'yi: uDilur tliffurntit coiKlilions. Dr. Yoiiuk (;ri:ully im- 

Knivpil upon the orijn'ial coiistnictiiin. It will be foimd dcscrihwl in tlic Li'Ctnri'n im 
ntural PhilosopUy, lol. ii, p. 5iG. Tlio princi))li;of itconsicta in iiiP«BHtiii({ actufiiti'ly 
thi- (liHtnjico of an oliject from tlic eye at irliich pfrfrctb' ilistiiitt viaiou is ulilaiiiiil, 
anil nhicb ia dutf riuiuei] \rhun the olijit't Breii tLrougli Xviu Huiall apcrdirm cIohi- to 
the ovc prcBvuls only a (ttogle iniagc, n liilu in other positions it sliotvB two iina-jua. — 
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Wfi might fairly be astonished tliat this admirable theory of vision, 
this combitintiou so well framed when the most ingenious reasoiiiugs 
and experimeuts lent each otliei tnatual support, did not otxiipy that 
distinguished rank in the seieuce of the country which it deserved. 
But to explain this auoinaly, uiiist we necessarily recur to a sort of 
fatality f Was Young then really, as he sometimes described himself 
with vexation, a new (Jussaudra, proclaiming inces^intly important 
truths which his ungrateful contemporaries refused to receive ( We 
should be less poetical but more true, it seems to me, if we remarked 
that the discoveries of Young were not known to the majority of those 
who would have been able to appreciate them. The physiologists <lid 
not read his able memoir, because in it he presumes u|)on more mathe- 
matical knowledge than is usually attained in that branch. 

The physicists neglected it in their turn, because in oral lectures or 
printed works the public demands little more at the present ilay than 
superficial notions, which an ordinary mind can penetrate without dillB- 
ciilty. In all this, whatever our distinguished colleague may have 
believed, we perceive nothing outuf the ordinary course. Like all those 
who sound the greatest depths of science, he was misunderstood by the 
multitude ; but Uie applauses of some of the select few ought to have 
recompensed him. .In such a <]uestion we ought not to count the suf- 
frages ; it is more wise to weigh them.» 

INTUBPECENCES. 

The most beautiful discovery of Young, that which will render his 
name imperishable, was suggested to him by an object iu api)earaDce 
very trivial — by those soap-bubbles so brilliantly <;olored, so light, 
which when just blown out of a |>ipe become the sport of every impcr- 

*Anif;o, ill asxif^iing tbo pniliablo caiiflca of thv nrglcct of Yoanj^'s spcctilatioiia, 
Bc'eniit bi fall Hbiirt ot liix imual point aoil perapiciilry. It Diiglil bu inio tliat liie 
memoir ^nta iipglcclcil by pbyBiologiHtB becniiae it was iuatheniatii.'al, ami by parity of 
mutnn it Eiight liavo bven ue);li.*ctvil by (iliyaicists and uifitliuiuaticiatis as luring pbysio- 
li^iciil. But it in Hiiivly no reaHOti tu Buy tbat it ivas Ticglertmt by phyHicintit beoaata 
tbo jiiiblic ari! itLi|i«rlicial, &,e, Youii^; may liave bcoa in moat of bia aiiitulations too 
prufouuil fur Uio many ; but tbU particular instance of tbo Rtriictiire of tiie eye and 
tbfory of vision is, ptTbapa, of all bin resuarcbes, tbat wbiub cun b« the least opeu to 
tblx cliaip!. The auliji^ut U nut itself aliHtnise; it is ouo eaaily iiuduratuod by uveiy 
cducaU'il IH.TSOU. iritliout uiatbemalical atttainiiiuiits ; anil thu point at ixsuo was a 
eimpio iiui-Blion of fuct, reijuiring no profunnd pitysiological knowli-iljru to appreciate 
wbclhcr tbi! cryaliilline haa or boa not a iiiiiaciilnr atnicture capable of changiuK its 
convexity. Tbc real state of tbe cawt seems to bo very satisfucturily explained by 
Dean I'rueock, (p. 36 tl teq.,) froiii whose acconnt, ns well as fn>m what baa boeu since 
written, it apiwars, uftt-r all tliat has been done botli by Ur. Young and others, that 
there i« uvi-ii at the present day c<mHidi>Tihblo dilterenco of oiiiniou on the aubjert. 

Prrbaps the moat compi'ehi'usive anrvey of the whole sniiject wliioli recent inve«ti- 

Eation has prodnced will he fonnd in the pa]>Br of Professor J. D. Forhes iu the i>lin- 
urRh Transact ions, vol. xwi, pt. i, l(i45. Alter (pving a summary view of jirocediug 
researches, and wlvert ing to the ]ir«valcut opinion among wen of atience tbat Ihe tnio 
explniiiition yet remains to be ilisrovcri'd, (most aiiatflmists denying aa a fact the c:cist- 
cnveof the NiiMCHlar atniettire which Yoniig conceived he had proved,) Professor Furbra 
proposes as his own view of the canse the consideration of the remarkahlu Tariaiion tn 
Oeniits of the crj-slnlliiie toward its central part ; coats of diScrent density, being dis- 
posed in different layi-m, may be aeli-d oii by tbe pressure of the biiinora of tbo eye 
when the e.xlerhal action of theninscle conipresses them, and tlinn increase thecurvo- 
tare of the lens when th» eye is directeil to a near object, Ibe whole consisb-nce, oape- 
cially in the onter parts, being of a gelatinous or couipressiblu nstnre, and the centnd 
part more solid aim more couves. Thus uniform pressure on the onter iioi'ts would 
tend to innke the enter parts coufomi luore nearly to the mure convex interior nncluns. 
It may be aitdcd tbat many pliyHlolugists are of opinion that, after all, there does 
not exist a, snlSeient compressive octiou on the l>all of the eye to ptiNluce the effect 
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ceptible current of nir. Before bo enlifjlitened an audience it would, 
without doubt, be superfluous to remaik ttint the difficulty of produciag 
a pbenoinenoo, its variety, its utility to the arts, are not the iiocesstiry 
indicatious of its importauce in a scientiflc poiutof view. I liave, there- 
fore, to counect with a child's sport the discove-ry which I proceed to 
analyze, with the certaiuty that its credit will not sufl'er from its ori^iD. 
At any rate, I shall bare no ueed to recall tite apple, which, drupping 
from its stock and falliug unexpectedly at thefeetof JSewton, developetl 
the ideas of that great man resp^'ctiug the simjtle and comprehensive 
laws wbicb regulate the celestial motious; nor the frog and the touch 
of the bistoury, to which physical science has recently been indebted 
for the marvelous pile of Volta. Witbont referring in iiarticular to soap- 
bubbles, I will suppose that a physicist bus taken for the subject of ex- 
periment some distilled water, that is to say, a lifjnid which in its state 
of purity never shows any aiore than some verysligbt shade of color, 
blue or greeu,' hardly sensible, nud that ouly wbeu the light traveraea 
great thicknesses. 1 would next ask what we should think of his vera- 
city if he were to announce to us, without further explanation, that to 
this water, so limpid, he could at pleasure communicate the most 
resplendent colors; that be knew how to make it violet, blue, green; 
then yellow like the peel of citron, or red of a scarlet tint, without 
affecting its purity, without mixing with it any foreign substance, with- 
out changing the proportions of its constituent gaseous elements. 
Would not the public regard our physicist as unworthy of all belief, 
especially when, alter such strange assertions, he should add, that to 
produce color in water, it sufiiccs to reduce it to the state of a tbin film ; 
that "thin" is, so to speak, the synonym of "colored;" that the passage 
of each tint into one the most different from it is the necessary conse- 
quence of a simple variation of the thickness of the liquid lilm ; that 
this variation, for instance, in passing from red to green, is not the 
thousandth part of the thickness of a hair! Yet these incredible propo- 
sitions are only the i^ecessary consequences deduced from the accidental 
observation of the colors presented by soap-bubblea, and even by ex- 
tremely thin films of all sorts of substances. 

To comprehend bow such phenomena have, during more than two 
thousand years, daily met the eyes of philosophers without exciting 
their attention, we have need to recollect to how few i>ersons nature 
Imparts the valuable faculty of being astonished to any purpose. Boyle 
was the first to penetrate into this rich mine. He confined himself, 
however, to the minute description of the varied circumsttmces which 
gave rise to these iridescent colors. Hooke, his fellow-laborer, went 
ftirther. He believed that he bad discovi;red the cause of this kind of 
colors in the coincidences of the rays, or, to speak in his own language, 
in the mutual action on eacii other of the tcareg reflected by the two 
surfaces of the thin film. This was, we may admit, a suggestion charac- 
teristic of genius ; but it could not be made use of at an epoch when 
the compound nature of white light was not as yet understood. 

Newton ma<le the colors of thin films a favorite object of study. He 
devoted to them an entire book of his celebrated troitise, the " Oprics." 
He established the laws of their formation by an admirably coimected 
chain of e^iteriments, which no one has since suri>assed in excellence. 
In illuminating with homogeneous light the very regularly-formed 
series of bauds of wbicb Hooke had already made mention, and which 
originated round the point of contact of two lenses presM-d closely 
together, he proved that for each species of simple color there exists, in 
tltin Ulmsof every substance, a aeries of thicknesses gradually increasing, 
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at each of which no hght is reflected from the film. This resnit was of 
capital imiwrtauee ; it included the key to all these plien^meiiu. 

iiewton waa leas happy in the theoretical views which these remark- 
able ohsenationa auggcsted to him. To say, with him, that the lauiiiious 
ray which is reflected is " in a fit of eaay reflection ;" to say that the ray 
which passes through the film entire is "in a fit of easy transmissiou" — 
what is it but to announce, in obacure terms, merely the same fact which 
the experiment with the two leuaea has irfready taught us *• 

The theory of Thomas Yonng ia not amenable to this criticUm. Here 
there is no longer admitted any peculiar kind of "tits" as primordiid 
propei-tiea of the raya. The thin film is here assimilated in all respects 
to any thicker reflector of the same substance. If at certain points in 
its surface no light is visible. Young did not conclude that tliereforo its 
reflection had ceased ; he supposed that, in the special directions of 
those points, the rays reflected by the second surface proceeded to meet 
with thoae reflected from the first aurface, and coiDjiIetely destroyed 
them. This conflict of the rays ia what the author designated by the 
term ^^interference," which haa since become so famous. 

Observe, then, here the most singular of hypotheses. We must cer- 
tainly teel surprised at finding night in full sunshine at points where 
the rays of that luminary arrive finely; but who would have imagined 
that we should thence come to sui)posc that darkuess could bo engen- 
dered by adding light to hghtf 

A physicist is truly eminent when he is able to announce any result 
which, to such an extent, clashes with all received ideas; but he ought, 
without delay, to supimrt hia views by demonstrative prool's, under the 
penalty of being assimilated to thoae Oriental writers whose fantastic 
reveries charmed the thousiknd and one nights of the Sultan Schahriar. 

Young bad not this degree of prudence. He showed at once that his 
theory wonld agree with the phenomeua, but without going beyond 
mere possibility. When at a later period be arrived at real proofs of it, 
the public had other preiKwseseions, which he was not able to overcome. 
However, the est>eninent, whence our colleague deduced so memorable 
a discovery, could not excit« the shadow of a doubt.t 

* In ref^ard i« the thecrf of tho " fits," tlie itothor here scemB fai repretient Newton's 
Tiew as, in fact, mere taatologj ; wliile in otlier places be ia Bnpposed to have indulged 
in a visiounry theory od tho suhject. Newton, however, espressly Bays : "Whnt kind 
of action or dispoditioo ttiU is — n*hetber it ciinMHts in a oircnlatiiig or vibrating 
motion of the rav, or of the uedium, or sumethiug elise, I do not here inquiro." (Op- 
tics, p. '&&, ed. 1721.) 

The iitct U, Newton in bis optical rcttcorclies expressed the aame avowed and BjBte- 
matic diBlike in iiidulciogin any gratiiituuH theories as in liis other inqnirieB. " Hma- 
tkata <nm fiigo," nus bis niutto in thusu qb well as in other roBearchea. In adopting 
the idea of " fits of eiwy reflection iLDd IrausmiBBion," we are of opinion that be did Dot 
violate that moiini, and that it was in fact the only leRitimnte first eKpr^saioD of the 
concloBioD which the iacts warranted. At certain points no light appeared; it was the 
legitimate inference, in the tJien slate of knowledge, that none mu rrjfeelrd. Btlt 
light nns clearly nnder the same circnnistanccB Iratamtted; at a diHtaiice a little 
greater along the ray, an opposite etfprt was witnessed ; and so on. It was nothing 
more than the strict inference that at those points succeasively totn^hing occurred in tho 
oonrae of tho ray which disposed it for, or indnced, reflection iu the one case, and non- 
refiectioQ in the other; accompanied in the latter cose by like teniloncy to transmis- 
■ioo. These apparent " fits " niDst be still acknowledged as phaiomtna ; the nechaiiitm 
by which they ore produced is, however, now known to be nothing inherent in the 
light, no essential property rrcurring, but the simple periodicity of conspiring or 
eoDQteracting wave action.— TnA>-tiLATOK. 

tin the retrosiiFctivo glanco which the anthor tbne gives over tho proercss of di»- 
covery previous to the perioil nt which Dr. Young Hrst entered on the field, wbat we 
havo chiefly to observe is, tbut np to that date nothing like a connected view of tbb 
physical cborncter uf this wonderl'nl ageut hnd been attained ; a few isolated epeoulik- 



122 EULOGY ON THOMAB TOUKO. 

Two rfi,v8 proceeding from the same sonrce by slightly unequal routes, 
crossed one another at a certain point in space. At this point was 
l>Iace(i a slieet of white paper. Each ray, taken by itself, made the 
paper more bright at that i>oiut, but when the two rays united and 
aiTived at that point together alt brightness disappeared; complete 
night succeeded t4) day. 

Two rays do not always annihilate each other completely at their 
point of intersection. Sometimes we observe only a partial weakening 
of intensity ; sometimes, on the other hand, the niys conspire and in- 
crease the illumination. Everything depends on the difference in the 
length of route which they have gone through, and that according to 

tious biul, itKleeil, been put furtb respecting a theory of emitted molecnlea on tho one 
band, and of waves iu uu ctLereal medium on tho otbcr, and a fuw experimpnial focU 
'bearing on the eboico betwten such hyiiotbeBes bad been oscurtuiDeil. 

The seveTal distinct pbciiomcna of cniunioD reflection and refhiction, of donble 
tefroction, of inflection or ditfhiction, and of the colored rings did not seem to be con- 
nected by any common principle, nor, even separately considered, could it bo eaid that 
they were very satiHfactoril.v cxjilaiucd. It was now the peculiar distinction of Young 
to perceive, and to establisb iu the most incontestable mnnnor, a great principle of tho 
simplest Itind, which at once rendei'eil the wave Jiypotbeaia appliciiblo to tho two laat- 
nauied classes of facts, and thus directly eouncct-ud tliem with the former. It is not 
always that we are enabled to tmce the first riwi anil progress of tho idea of a great 
discovery in the inventor's mind. We cannot forbear from here noticing that Di. 
Yonng has left on record tlie progress of tho first suggestions which occurred to hiiti 
on the subject of interference. Tho first view which presented itself was ttiat-of tbe 
mHi^o^'ai furnished by round, which, as is well known, is conveyed by means of waves 
propagateil in air; and in tlie case of two sounds difl'eriug a very little from tbo same 
pitch, produced at tbo same time, we Jiave not a contimions sound, but brad — that is, 
altemntions of sound and silence; Ihc waves in the one case conspiring with and rciin- 
forcing each otbcr, in the other conntFrDCt)ng,nentralizing,and dcstroving each oth<T. 
Bat in more special reference to light, I>r. Young's account of the origin of liia ideas is 
so clear and striking that w« must give it in his own words: '* It nns in Slay, 1601, that 
I discovered, by relli'cling on tbe bcautifulcxperimentsof Ncnton, alaw ubicb appears 
to me to account for a greater variety of jutenisting ptii'Domcna tb.in any other optical 
principle that has yet been made known. I sballendeavor to c\-pluin this law by a 
comparison : Buppese a number of equal waves of water to move upon tho snrfaee of a 
stagnant lake with acertain constant velocity, and to entern narrow channel IcadingDut 
of tne Inke. gnpiiose, then, another similar caniie to have excited another equal series 



10 channel with the same velocity, aud at the s! 
f waves will destroy tho other, but their effects will 
be combined ; if they enter tbe channel in such a manner that tbe elevations of the 
one series coincide with those of tbe other, they mnst together produco a series of 
greater joint elevations; bat if the elevations of one series are so sitnattxl as to cor- 
respond to tho depreasions of the other, they must exactly fill np these depressions, 
and tho snrfaee of the water must remain sniootli ; at least, I can discover no alternative, 
either from theory or from experiment-. Now, I maintain that similar rflects take 
place whenever two portions of light are thus mixed, and this I cull the geuernl law of 
the interference of light." — TitANSLATOR. 

For the sake of many readers it may net be saperHuons or nseless here brictlv to 
illustrate the application of these thuuri-tieat ideas. We liavo only to imagine in like 
manner, in tbo cose of the rays ef tight, two sets of waves propagated through an ethe- 
real medium and coinciding in direction, when it will be easily apparent that just as 
in tho case of the nuppoBed canal, they nia^ have their waves eitlier couspinng or 
counteracting, and couscquently giving a pomt of brightness or darkness occoi^ingly. 
Thus, a coiniidence in the periods, er an interval of an integer number of cntiiv wavis- 
lenglhs would cause the two systems of waves to conspire and nn-iilbrco each other; 
a diltercnce of ]>eriodB of half a wavo'lcngth, or any odd number of half wavc-leugtbs, 
would cause the two systems to counteract or neutralize each ether. I'hus, according 
to tho thickness, there would be a point of <iarknees or of brightness for each primary 
ray, and the BUrcession of tints would bo perfectly e:iplaiiicd. 

This would directly apply to tho ffttn^jnw. Aray impinging would be partly reflected 
at the first sarfacu ot the tliin lilm; jiartly entering, it woidd be reflected internally at 
its second surface, and emerge cuinciiling in dirrcfioii with the flrst. but ivtarde^l beliind 
it. from tbo thickness Iraverxi-d in itx nn^vlatioHi either by a whole or half undulatiun, 
or some mulli]>les of these, thus giving either a jiolnt of brightnessor oueof darkneiw 
accordingly ; or by some intermediate fraction giving an intermediate shade. Aud 
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very simple laws, the discovery of wliich, in any age, would suffice to 
immortalize a pbysieist. 

The difffrences of route which produce these couflicts between the 
rays, accompniiied by their entire mutual destruction, have not the same 
numerical value for the dittereiitly colored primarj' rays. When two 
white rays cross, it is then possible that oue of their chief constitaeut 
parts, the red for example, may alone be in a condition fit for mutual 
destruction,' But white deprived of its red, becomes green. Thus, in- 
terfereuce of tight manifests itself in the jihenomeua of coloration. 
Thus, the difterent elementary colors are placed in evidence without auy 
prism to separate them. We should, liowever, remark that tliere does 

this n-oultl en on attematcly at successively ffoatet tbicknesses of tlie film, giviug a 
Mi««s8ion of such points or baDila. 

Thus, nt two snccvsBivo 
tbickQeRses of the platAp, 
the incident nyn, falling 
on it in parallel directions 
i i, are reflected partially 
fcom the first snrface r r. 
and partially from tlieec 
ond r' r". AL-cordiiig to tl 
ditTercDccufthickn ess tra v- 
erned, llieao may bo in ac- 
cordance giving a point of 
brightue88 as +, or ia dis- 
coraunco giving a point of 
darkness as at o. 

If two rays or seta of waves, instead of beinc exactly anperimposed, be snpposed to 
meet iueliiieil at a vt-ry aciile angle, in a somewhat aimilar way they would, at a series 
of points, alternately conspire or clasli with each other, thus giving rise to a series of 
bright and dark points, the nasoDiblat^ of which will produce bands 
or Hlripcs on a screen intercepting the rays. Now, oa to actual exjier- 
Imental cases, it was iu the application of this latter theoretical idea " 
that tbo inveutiou of Dr. Young was peculiarly displayed. The . 
fornier case was that alone which seems to have oceiirred to Hooke, i 
in reference to the colors of thin plates, and even this was in his I 
mind but a very inilednitn conception ; nor did it seem at first sight r 
readily coraparable with sueb cases as the diHraction fringes, or still I 
less with the internal hands of a sliodow observed by Gnnialdl. If . 
Hooke bad imagined any theoretical views of this kind, it was proli- ' 
ably confined to the one cuso of the tbin films. Younc's creat merit 
was the comprebeuaiveness of his principle ; and in following out the 
invcstigatiuu he proceeded at once to such a generalization as ovincui] 
that comprchensivenesa, and connected imm<Hllately those classes of I 
nbenomena apparently so difierent in character — the thin films, the 
internal banifs, and the external fringes. When, as in Orimalili's 
experiment, (since called tbo phenomena of difl'raction,) a narrow 
Blip of card was placed in a very narrow beam of solar lieht-, dark 
and bright stripes parallel to the sides iutenially marked the wholo 
shadow longitudinally, while the external fringes appeared on the 
outside at each edge. The general appearance of the shadow of a 
lung narrow body with parallel sides in a beam of solar light issit^ ' 
ing from a minnte hole In a slinttor, or, what Is better, the focus of 
a small lens collecting the rayetoapoint,iHtbatof ashadowmarked ' 
«ith longitudinal stripes and esternallyliordereilbyparallel fringes < 
or bands of light slightly colored, as seen iu the annexed figure. Ii 

To ahibii Ihete appearances onlinarily requires tbs sun's light. " 
But the translator has found a very simple method of exhibiting 
these phenomenaon a minute scale hy candle tight, by merely placing 
s fine wire across one snrface of a lens of short focus, and looking through 

admitleil through a narrow slit parallel '■-''-- — '— -i., o 1. _ _ 

contuderahlo distance. 

Next, as to tlio theoretical explanation, an inspection of the accompnnying diagram 
will perhaps help to convey an idea of the manner in which the several sets of waves 
Bre formed, OBil ititj>rfero in the ciifie now supiwsed. 

Yonng conceived tho beam of light as a scries of waves propagatj>d onward till, on 
L,__.. .. .1 . — 1.._ — :_..^ . "a of waves, spreading iu circles 
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. „ „.. _ . light 

Q the fiame of a cjiudle at a 



imching the card, they were broken up into t\ 
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DOt exist a siugle poiut in space wliere a tlioueaad rays of the same 
origin do not provetid to cross one anotber after reQectioos more or less 
oblique, and we shall iwrcelve at a glance the whole extent of the unex- 
plored i-egioD which iutetfereuces open to the iuvestigatioua of experi- 
meuters. 

When Young published this theory, many phenomena of periodical 
colors had been already offered to the notice of observers, and, we shoold 
add, had resisted all attempts at explanation. Among the number ve 
might instance the colored rings which are formed by reflection, not on 
thill alms, baton mirrors of thick glass slightly concave: the iridescent 
bauds of different breadths, with which the shadows of bodies are bor- 
dered on the outside, aud in some instances covered within, which Gri- 
maldi tirst noticed, and which afterward uselessly exercised the genius 
of iJewton, and of which the com)iltition of the theory wa« reserved for 
Fresnel ; the bows, colored red aud green, which are perceived in greater 
or less uumber immediately under the innermost of the prismatic bands 
of the rainbow," aud which seemed so completely inexplicable that the 
writersofelenientaiy books on physics had giveu up making mention of 
them ; and, lastly, the " coronas," or broad colored circles with varying 
diameters, which often appear surrounding the sun and moon. 

rouud each cdgn aa a new ciMiter, wLiltt part of the origiunl set continued to pass on at 
eacli side. Ou tile principle just meuliimed, tbesu would interfere with ths uew pra- 
tions on the outsiile j aud tlio two new portioDS would inltrftrt with each other in the 
iUBida of tho shadow, iu either case eiving Btripiaj or bauds. To complete the proof, 
when ou opiw^ue Bcreen was phiced so an to intercept tho rays on oue side, though 



■bnndftDce of light wuh presented on the other, jet all the internal bimds iminodiatcly 
disappoarvd, dcmonstriitiog that the effect was due solely to tho oaneuntita of tlia 
light from botk sidct. The liauds prodnced by light adinittMl through uarrow a|>erturc8, 
and nnmerouH other plienoineua nf the annio kind, may receiro a general aud populai 
explanation in the same wny.— Transi^tou. 

■ThiArinlfliintiiin linH lifwn ntcentlv coutroverted by Professor Potter. — Philosophical 

D„:,iP<.-jM,G00glc 
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If I call to mind how many persons do not appreciate scientific theo- 
ries except in proportion to the immediato applications which they may 
offer, I cannot terminate this enumeration of the phenomena which 
characterize the several series of more or leas nnmerons periodical col- 
ors without mentioning the rings, so remarkable by their regularity of 
form and purity of tint, with which every brilliant light appears sur- 
rounded when we look at it through a mass of fine molecules or fila- 
ments of equal dimensions. These rings, in fact, snggested to Young 
the idea of an iustrnment, extremely simple, which he called an "eri- 
ometer," and with which we can measnre, without difficiUty, the dimen- 
sions of the most minute bodies. The eriometer, as yet so little known 
to observers, has an immense advantage over the microscope in giving 
at a single glance the mean maffnitude of millions of particles which are 
contained in the field of view. Ic possesses, moreover, the singular 
property of remaining silent when the particles differ mucli in magni- 
tude among themselves, or, in other words, when the question of deter- 
mining their dimensions has no real meaning. 

Yonng applied his eriometer to the measurement of the globules of 
blood in different classes of animals ; to that of powders furnished by 
different 6{>ecies of vegetables ; of the fineness of dlSerent kinds of for 
used in the manufactnre of different fabrics, from that of the beaver, 
the most valuable of all, down to tliat of the common sheep of the Sus- 
sex breed, which stands at the other extremity of the scale, and is com- 
posed of filaments four times and a half thicker than that of the beaver. 

Before the researches of Young the numerous phenomena of colors* 
which I have just pointed out were not only inexplicable, but nothing 
had been found to connect them with each other. Newton, who was 
long engaged on the subject, hatl not perceived any connection between 
the rings in thin films and the bands of diffraction. Young reduced 
these two kinds of colored bands alike to the law of interference. At 
a later i>eriod, when the colored phenomena of polarization had been 
discovereil, he observed in certain measures of the thickness at which 
they occnrred some remarkable numerical analogies, which made it very 
reasonable to expect that sooner or later this singular kind of polariza- 
tion would be found connected with his doctrine. He had in this in- 
stance, however, we must admit, a very wide hiatus to fill up. The 
knowledge of some important properties of light, then completely un- 
known, would have been necessary to permit him to conceive the whole 
singularity of the effects which, in certain crystals cut in certain direc- 
tions, double refraction produces by the destruction of light resulting 
from the interference of rnys ; but it is to Young that the honor belongs 
of having opened the way; it was he who was the first to decipher 
these hieroglyphics of optics.f 

■Every one may hnve moarkedtlie threiwiitora spiiler'a woli occasionally eiliibi ting 
bnlliant colore m the BiinBtiine. TboenDie thing is seen iiifiaescnitclieson thesurrace 
of polished metal, produced in a more regular way by tho fine eugraved parallr! 
grooves in Bartoo's buttons. The colors of luothcr-of-pi-arl are of tbc same kind ; idl 
t^rae colors Dr. Young sboired wero due to inlajerence of the portions of tight reflected 
frwn the sides of the narrow trnnspnrent thread or groove. — Transijitoii. 

t It has l>een well obsen'ed that simplicity is not alirays a fniit of the first growth, 
and accordingly some of the earliest of Young's researches were complicated by uuno- 
cessary condJIions. Tlius, to exhibit the effect of two rays ioterferine, lie at first not 
aiulatnTally trunamitted the narrow lieam of linht through tirn small a^rtnres near 

Xber. lu poiot of fact, thouch the real effect is hero seen, it is mixed up with 
8 of a more complex kind. Tlie uatrow apertures each exhibited colored fringes 
in addition to the interference stripes seen between them. The colored fringes of aper- 
btra, unless very wide, are distinct from those formed by one external edgo of an 
opaqne body, the light from eadt «id« conspires to the effects in a Bomewhat complex 
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The word bierogljphic, regarded not metapbysically, but in its niitu- 
ral acceptation, carries us into a field whicli bus been long tlie theater 
of numerous and auiinatcd dcbat«s. I bave besitated wbetber to risk 

manDer. If tlie npfirtiiro be otlierwtse thao loug witli parallul sides, the pheaomvtioa 
becompe ntill more cniiiples, and the calc illation difficult; fuwsiich cases liiive ever j-et 
been sulveil, and some etich cases have been dw-ult npoQ as formidabtu objuclioiia to 
the theory ; they are ximply cihks t« wiiiuh tbe furniula, flora its laathomikticiil difii- 
eultiee, bsM not yet been <'\teDiled. 

In all thesB cases of dilfractiiin an opaque bo<l;f vraa used, and it nii)'bt still be ens- 
pected that lome aclion nfthr edge of that body niisbt be concerned in iho resnlt. Nn- 
meruiis experiinentHof Muraldi, Datonr, Biut, and others were directeil to tliu iuvcsti- 
fpition of thia point. Biot shewed that an opaque bmly viaa not neceusary, inusmuch 
as tho ed^ of tbe plata of giant, or even the buiindius line of two faces of u gbisH, cut 
at a sli^bt inclination to eacb other, );ave tbe sauiu f?iuf;cs ; indeed. Nunton aliiO had 
noticeaiwiniething of the kind. Haldat varied the conditions of tbe eilge in ever? 
conceivable way, whether of form or nature, by tho inHuunce of maf(netiitm, f^Ivan- 
ism, electricity, or teuiperature fiom freezinf; to a red heat, nithout producing the 
slightest diffurcncB iu tlie fringes — a n»nlt ^^-hiell it would bu Impossible to conceive 
compatible with any idea of au atmosphere of attraction or repnlsioa surrounding tbe 

Agahi : Thongh we have given the explanation of tlie ^ttemaJ fHnges in its simple 
and correct fonn, yet both Young and Fresnet failed iu tliu Tirst iuetance to see it in 
that light, both bflicving that tlie rejection of a portion of rays from tlic fdge of the 
opaque body was maiitln conccrneit iti producing the interference. Subsequent cxperi- 
mcuts showed that even in cases where that edge reflects any sensible amount of light, 
its influence on thediOracted friDges is quite iuajipreciuble. In fact. Young, in nlet- 
' r to Fresnel, in ret 11 ml Dg thanks for a copy of a later memoir, in which he had shown 

■ ' ■ " butcompli- 

,...._ - , , „ , , ,, fyy doubt 

i, bavo disappeared iu the minds of those who compared the ininuto arlthinetical 

accuracy with wiiich the places of the friuceu, as computed from tbe siiuplo theory 
in tho invest igatioiiB of t'resnel, agreed witu thuso actually deteimiued by theuiuest 
micromctrical ineasiinu en ta- 
in enumerating the discoveries of Yonng in tbe first establishniGnt of the wave 
theory, it ia somewhat Bingular thnt Arago, whether from accident or deKigo, should 
have overlooked inie iiiveftigatiiin which must 1k> regarded as among the most iiuportaut. 
Tho grcit su|ipoTt which tliD emission theory teeci veil in recent limes was that dviived 
from Laplace'ti ineujnir on tho law of iloublo n'fmet:on. (1809,) in which, ou the prin- 
pte of " least action," as iiiaiDljiiDFil by Skiniiortiiis aud applinl to the iihia of rnmi- 
Dous molornlcs, ho explained the obBerve<t laws of ordinary and extraordinary refrac- 
tion iu Iceland Bpar. This investigation e)icri.-ititil a pnnerfiil influence in favor of tbe 
molecular theory over tho minds ot tlie men of science in lYunee, who bowi-d implicitly 
to the authority of Laplace. But the menioir of Laplace was the subject of n verj- 
powcrfnl attack on the part of Dr. Young, carried on in an article iu the Quarterly 
Kevien, KovenibiT, l^J, in which he disputed the mechanical and rauthematicol 
grouniU of Laplace's theory, and showed thai the same laws of double refVactiun 
could be fur tiiore easily deduced from the undulatury hypothesis. X<'xt to tlie dis- 
covery of interference, this refutiition of tho strongest imint of the emission theory 
cannot lint be regnnli-d as one of the most material in the development and eetablish- 
ment of the undnlatory view. 

To thestatemeiit of tbene various cases of interference it should be added, that when 
the tints of polarized light were discovered. Young iu 1814 applied to the pbeiiamena 
the genfral consiileratiou ot inler/erexce ; that is U> say. he showed I bat, owing to 
the differing obliquities of the paths of tho rays within tho crystal, tliey would 
be unequally mtanled in their jiassagp, and would consequently emerge in con- 
ditions, with regard to length of route, resiiectively of nccoruance or iliscordance at 
correspooding liistanees round the cputral line or axis of the crj'stal, anil thus might 
give rim to colored rings. Arago, however, soon noticed that the esplaniitiou was 
incomplete ; the inalii jviint, In fact, remained to be acconnted for, viz. why we see no 
colors till the atialgser is applied, and why even the previous |K>larization is neerasary 
to the result. It was not until about two yeais ofterwanl that Aiago and Fresnel 
jointly succeeded In discovering a new law, which not only furnished the eanipIot« 
solution of the polarized rings, but at length cleared away all tbe diBleulties which, 
fWiui the first, had snrroundtHl the idea of polarization itaeU. for an account of thia 
see memoir of Frosnel.— Trakslatok. 
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offending tlie feeliaga wbich this question lias excited. The secretary of 
an ucademy occupied exclusively withtlie exact sciences might indeed, 
without impropriety, i;emit this philological subject to other more com- 
petent judges. I also feared, I will avow, to find myself in disagree- 
ment on several important points with tlie illustrious man of science 
whose labors it has heeti so delightful to mo to analyze, witbont baviug 
to add a word of criticism from my pen. All these scruples, however, 
variisb ivben I reflect that the iuterpret^itiou of hieroglyphics has been 
one of the most beantiful discoveries of our age; that Young himself 
has mixed np my name with discussions relating to it ; that to examine 
whether France can pretend to this new title to glory, i^ to enhiincetbe 
importance of the task conlided to me at this moment, and to perform 
the duty of a good citizen. I am aware that some may find narrowness 
in these sentiments. I am not ignorant that the cosmopolitan spirit has 
its good side ; but with what name shall I stigmatize it, if, when all 
Detghboring nations enuuiei-ate with triumph the discoveries of their 
SODS, it should hinder ine from seeking, even in the present circle, 
among those colleagues whose modesty I would not hurt, the proof that 
Prance is not degenerate ; that she also adds every year her glorious 
contingent to the vast deirosit of hnman knowletlge !• 

I iipproacb, then, the question of Egyptian writing, and I do so f^«e 
fhim all prejudice, with the Qrm wish of being just; with the lively 
desire to conciliate the rival pretensions of two men of science, whoso 
premature death has been to al) Europe a legitimate subject of regret. 
Lastly, I shall not in this discussion ou hierogIyi)hics transgress the 
bounds imposed on me; happy if those who listen to me, and whose 
indulgence I ask, may find that 1 have known how to escape the influence 
of a subject whose obscurity is proverbial. 

Men have imagined two systems of writing entirely distinct. One is 
that employed by the Chinese, which is the system of hieroglyphics; 
the other, at present in use among all other nations, bears the name of 
the alphabetical or phonetic system. 

The Chinese have no letters properly so called : the characters which 
they use hi writing are strictly hieroglyphics; they do not represent 
sminds or articulations, but ideas. Thus a house is represented by a 
unique and special character, which does not change even when the, 
Chinese have come to call a house, iu their spoken language, by a name 
totally different from that which ttiey formerly pronounced. Does this 
resnltappear surprising! Imagine the case of our ciphers, which are 
also hieroglyphics; the idea of one added toitselfseven times is expressed 
ever>'where in France, in England, iu Spain, &c., by the aid of two cir- 
cles placed vertically one over the other, and touching iu one point ; bat 
in looking nt this hieroglyphic sign (S)the Frenchman pronouuces " bnit'.'' 
the Englishman "eight,'' the Spaniard ''ocho." No oneis ignorant that it 
istbe same with compound numbers. Thus, to speak briefly, if the Chinese 
ideographic signs were generally odopted, as the Arabic numerals are, 
every one would read in his own language the works which they pre- 

*In briij^ng out a part of tliU chapter on Egyptian hieroglyphics in tbe Amuaire 
for IKW, Anigo liiM odiled : "Tlio first exact iutorpretatioa wuiuh bas beea Riven of 
Kjjyplian liii;r(iglypliii:s will certainty tnlto ita place among tlie most IwautifuTdiscov- 
enea of tbo age. Besides, after tbe animated debates to which it lias given birth, 
every oDo would desire to kuuw whether Frauce can conicientimalti preteuil to this now 
title to Diory. Thus the importance of the question, and the uational self-love prop- 
erly uiidurstoml, unite in eucuuruging mo to publish the result of a miuute exaniiniv- 
tion to which I have dovoteil myself. Can I, then, he blind to the danger which there 
altraysisin attempting difficult subjiKta in matters which we have not mAde tho 
•peciial Btthlect of our studies t " ^ 
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seated to liim, witbottt the need of knoving a single irord of tlie I 
guugo spoken by tlie authors who t.ave written tbein. 
It is not 80 with alphabetical writing. ' 



"He whn llrat Inngbt OB th 

To pMot onr vorda, uid ipeok itaem to oar eyes," 

faavinfr made the capital remark that all words of a spoken language, 
even the most rieb, are componndod of a very limited number ot 
elementary articulate sounds, invented artiltcial sigtu or letters to the 
number of twenty -four or thirty to represent them. By the aid of these 
signs difi'erenlly combined he could write every word which struck bis 
ear, even without knowing the meaning of it. 

The Chinese or hicrogIy))liic writing seems to be the infancy of the 
art. It is not always, as has been sometimes said, that to leiirn to read 
it, even in Chiua, occupies the whole life of a studious Mandarin. B^- 
musat (whose name I cannot mention without recalling one of the most 
heavy losses which Iit4!rature has lately sustained) bas establislied, both 
by his own experience and by the fact of the excellent scholars he bas 
formed every year by his lectures, that we may learn Chinese like any 
other language. It is not true, as was once imagined, that the char- 
acters are appropriated solely to tbc expression of common ideas ; several 
pages of the romance of Yu-kiao-li, or The Two Cousins, will suffice to 
show that the most subtle abstractions, theiiuintesseuceof reBnemouts, 
are not beyond the range of the Chinese writing. The chief fault of this 
mode of writing is, that it gives no means of expressing new names. A 
letter from Canton might have told at Pekin that on the 14th of June, 
1800, a great and memorable battle saved France from great peril ; but 
it would not have been able to express in these purely hieroglypliic char- 
acters that this glorious e^'ent took place near the village of Marengo, 
or that the victorious general was called Bonaparte. A people among 
whom the communication of proper names, from one place to another, 
conld only take place by means of special messengers, would be, as we 
see, only in the first rudiments of civilization. These preliminary re- 
marks are not useless. Tlic question of priority, which the graphic 
methods of Egypt have called forth, tbuscomes to be easy to explain and 
to comprehend. As we proceed, in fact, we And in the hieroglyphics of 
the ancient people of the I'harouhs all the artificesof which the Chinese 
make use at the present day. 

Many passages of Herodotus, of Diodonis Siculus, of Clement of Al- 
exandria, have taught us that the Egyptians bad two or three different 
sorts of writing, and that in one of these, at least, symbolic chat acters, 
or the representatives of ideas, played a principal part, HoraitoUon 
bas even preserved to ns the sigiii&cntion of a certain number of these 
characters. Thus we know that thefoiicfc designated thetoul; the ibis, 
the heart; the dare, (which might seem strange,) a viotent man; the 
^ute, an alien; the number si>,j»?OTS«re; a frog, an impudent man ; the 
ant, wisdom; a running knot, lore; &e. 

The signs thus preserved by Horapollon form only a very small part 
of the eight or nine hundred characters which have been found in the 
ancient inscriptions. The modems, Kircher among others, have en- 
deavored to enlarge the number. Their efforts have not given any use- 
fal result, unless it be so to show to what errors even the best instructed 
men expose themselves when in the search after facts they abandon 
themselves without restraint to imagination. In the want of data, the 
interpretation of the Egyptian writings appeared for a long time, to all 
sound minds, a problem completely incapable of solution, when, in 1799, 
M. Boussard, an engineer officer, discovered in the excavations whidi 
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be was making near Bosetta a large stone covered mth iuscriptione in 
three kindfi of characters quite distinct. 

One of the series of characters was Greek. This, in spite of some 
mutilations, made clearly known that the authors of the monument had 
ordained that the same inscription should be tjuced in three different 
sorts of characters, viz, ia the sacred characters or Egyptian hieroglyjih- 
ics, in the local or vulgar characters, and in Greek. Thus, by an unex- 
pected good fortune, the philologisUt found themselves in possession of 
a Greek text, having also before them its translation into the Egyptian 
language, or at least a transcription in two sorts of characters aaciently 
ID use on the banks of the Kile. 

This Boaetta stone, since so celebrated, and which M. Boussard pre- 
sented to the Institute of Cairo, was takea from that body at the period 
when the Frencli army evacuated Egypt. It was preserved, however, 
in the British Museum, where it figured, as Thomas Young said, as a 
monument of British valor. Putting valor out of the question, the cele- 
brated philosopher might have added, without too much partiality, that 
this invaluable triUugnal monument thus bears some witness to the 
advanced views which guided all the detaUs of the memorable expedition 
into Egypt, as also to the indefatigable zeal of the distinguished savants 
whose labors, often canied on under the fire of the forts, have added so 
much to the glory of their country. The importance of the Bosetta 
stone Htruck them, in fact, so forcibly, that, in order not to abandon 
this precious treasure to the adventurous chances of a sea voyage, they 
earnestly applied themselves, from the first, to reproduce it by copies, 
by impressions taken in the way of printing &om engravings, by molds 
in plaster or sulphur. We mast add that antiquaries of all countries 
became firsl acquainted with the Boaetta stooe from the designs given 
by the French savants. 

One of the most illustrious members of the institute, M. Silvestre de 
Sacy, entered first in 1802 on the career which the trilingual inscription 
opened to the investigations of philologists. lie only occupied himself 
on the Egyptian text in common characters. He there discovered the 
gronpa which represent the different proper names, and their phonetic 
nature. Thus, iu one of two inscriptions, at least, the Egyptians had 
the signs of sounds, or true letters. This Important result found no 
opponents after a Swedish man of science, M. Akerblad, in- completing 
the labors of our fellow-countryman, had assigned, with a probability 
bordering on certainty, the phonetic value of each uf the different char- 
acters employed in the transcription of the proper names which the 
Greek text disclosed. There remained all along the purely hieroglyphic 
part of the inscription, or what was supposed such ; this remained un- 
touched ; no one had ventured to attempt to decipher it. It is here 
that we find Young declaring, as if hy a species of inspiration, that in 
the multitude of sculptured signs on the stone representing either entire 
animals, or fantastic forms, or again instruments, products of art, or 
geometrical forms, those of these signs which were found inclosed in 
elliptic borders corresponded to the propei* names in the Greek inscrip- 
tion, in particular to the name of Ptolemy, the only one which iu the 
hieroglyphic iuscriptiou remains uninjured. Immediately afterward 
Young said that iu the special case of the border or scroll, the signs 
included represented no longer ideas, but sounds. In a word, he sought 
by a minnte and refined analysis to assign an indi\'idual hieroglyphic 
to each of the sounds which the ear receives in the name of Ptolemy in 
the Bosetta stone, and in that of Berenice in another monument. IHiua 
we see, unless I mistake, in tiie researches of Young on the graphic sys- 
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toms of the Eg)*ptiaD8, tbe three culmiaating points. Ko (me, it is Baid, 
had perceived them, or at least had pointed them out before the Eng- 
liah philosopher. This opinioo, although generally admitted, appears to 
me open to dispnte. It is, in fact, certain that in 1766 M. de Gnignes, 
in a printed memoir, had indicated that the gcrolU in Egyptian in- 
ncriptiona ineladed all the proper names. Every one migtit also see 
in the same work the argnmeots on which the Jearned orientalist relied 
to establish the opinion which he had embraced on the constant pho- 
netic character of the Egyptian hierogl.^pbics. Yonng, then, has the 
IHiority on this point aloue. To him belongs the first attempt which 
hod been made to decompose in letters tbe groups of the scrolls, to give 
a phonetic value to the hieroglyphics which composed hi the stone of 
Bosetta the name of Ptolemy. In this research, as we might expecL 
Young furnished new proofs of his immense penetration; but, misleaci 
by a false system, his efforts had not a full success. Thus sometimea 
lie attributes to the hieroglyphic characters a value simply alphabetical. 
Fnrther on he gives them a value which is syllabic or dissyllabic, with- 
out being struck by what must seem so atn'ingc in this mixture of dif- 
ferent characters. The fragment of an alphabet published by Young 
inclndes, then, something both of truth and falsehood, but the false 
80 much abounds that it would be impossible to apply the value of let- 
ters which compose it to any other reading than that of the two proper . 
names from which it was derived. The word impoasibk is so rarely met 
with in the scientific career of Young, that I must hasten to justify it. 
I will say, then, that atter the eom|>osition of his alphab;^t Young him- 
self believed that he saw in the scroll of an Egyptian monument the 
name of "ilwnoe," where his celebrated competitor had since shown 
■with irresistible evidence the word "owtoorator;" that he "believed be 
had found " euergetea " in a group where we ought to read "Ccesar." 

The labors of tlhampollion, as to the discovery of the phonetic value 
of hieroglyphics, are clear, distinct, and cannot involve any doubt. 
Each sign is equivalent to a single vowel or consonant. Its value is 
not arbitrary. Every phonetic hieroglyi»hie is the image of a physical 
object whose name in tbe Egyptian language commences with the vowel 
or the consonant which it is wished to represent." 

The alphabetofChampollion, once modeled from the stone of Kosetta 
and two or three other monuments, enables us to read iuscriptions en- 
tirely different ; for example, tbe name of Cleopatra on the obelisk of 
Philoe, long ago transported into England, and where Dr. Young, 
armed with his alphabet, could discover nothing. On the temple of 
Karnac, Uliampollioti read twice tbe name of Alexander; on the Zodiac 
of Ueitderah, the title of a Roman emi)eror; on the grand edifice above 
which it is placed, tbe names and suniames of the emi)erors Augustus, 
Tiberius, Claudius, Nero, Doinitian, &c. Thus, to speak brierty, we 

* This will liocome clear to every odo, if we »uok, by folloniug llie E^ptiao Bystuni, 
to con)i)0!H> iiiuroglypliica ia the Freucb Unf^ugo. A may bu rupKseiiUMi by (agiuaii) 
A lainli. {aisle,) an raigle, »□ ass, anumiinu, urtivhoke, &«. ; B, by a balaDca, a whalo, 
(balciBc,) a iMiat, &c.; C, by cabana, (ba^tjer.) chmat, (horae.) cat, ceilar, &^.; E, by 
eple, (a Hn'onI,) vlcphaot, ipagiital. (apaaivl,^ &c. Abbi, then, would bo writtoa id 
^vnch hien^lypUica by putting any of the Ibllowin); tignres in ituci^GsaiOD : A lainli, 
a balance, a wfiale, an olcpliaut ; or an eagle, a boat, a Bwonl, &c. Tliis kind of writ- 
ing baa Koiiie analogy, as wo also, witb tliu rebiiBlu which couluctioneTa wrapthoir fton- 
botu. TIiiiH wo aeo at what atago theao Ecyptiou prieala wure, of whom antiquity bos 
so mach booatod, but who, wo must Ray, huvc taught as so little. 

M. C haul |>oll ion calls htmiipltontt all tlioeo signs wliioh, roprcsontlng tho same aonnd 
or thcHunie arliculution, can buauhatilutiKl iu differently for each other. Id the actual 
state of tbe Euyptiun alpliabet I purceivo six oi seven bomophoiie signs for A, and 
more than twelve for the Oieek sigma. — Aoioo. 
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find on one hand tbe lively discussion to which the age of these monu- 
ments had given rise completely t«ruiinated ; on the other, we observe 
it established beyoud question that under the Roman dominion hiero- 
gl^-pbics were still in full use on the banks of the Nile. 

The alphabet which had given such unhoped-for results, whether 
applied to the great obelisks at Karnae, or to oHier inoimmeuts whicli 
are also recognized as being of the age of the Pharaohs, presents to us 
the names of many other kings of this ancient race ; the names of 
Egyptian deities; we can say more, substantives, aiyectives, and verbs 
of the Coptic language. Young was then deceived when he regarded 
the phonetic hieroglyphics as a modem inveutiou; wheu he advanced 
that they served solely for the transcription of proper names foreigu to 
^gJ'Pt' ^' do Guignes, and, above all, M. £tienne Quatrem^re estab- 
lished, on the contrary, a real fact, and one of great im porta nce-r-tb at 
the reading of the inscriptions of the Phamohs is corroborated by irresist- 
ible proofs, while they show that the existing Coptic language was that 
of the ancient subjects of Sesostris. 

We now know the facts. I may, then, confine myself to confirm, by 
a few short observations, the consequences which appear to me to result 
from them. 

DiscussioDS of priority, even under the dominion of national preju- 
dices, will have become embitteR'd if they can b« reduced to fixed rules ;' 
but in certain cases the first idea is everything ; in others, the details offer 
the chief difficulties; sometimes the merit seems to consist less in the 
conception of a theory than in its demonstration. We then infer how 
much the choice of a particular point of view must depend on arbitrary 
conditions; and, lastly, how much influence it will have ou the defluit« 
conclusion. To escape from these embaiTassments, I have sought an 
example in which the parts respectively played by two rival claimants 
for an invention may be assimiliitedto those of Champollion and Youug, 
and which has, on the other hand, united all opinions. This example, 
I believe, 1 have found in the interferences, even leaving out of the ques- 
tion, as regards the subject of the hieroglyphics, the quotations from the 
memoir of M. de Guignes. It is as follows: Hooke, in fact, had an- 
nounced, before Dr. Young, thatlumiuous rays interfered, justas the latter 
had asserted, before Champollion, that the Egyptian hieroglyphics are 
sometimes phonetic. Hooke did not prove directly his hypothesis ; the 
proof of the phonetic values assigned by Young to different hieroglyphics 
could only rest on readings which had not, as yet, been made, and which 
could not then be made. From want of knowing the composition of 
vbit« light, Hooke hod not an exact idea of the nature of interferences, 
as Young on his part deceived himself by an imagined syllabic or dis- 
syllabic value of hieroglyphics. Young, by unanimous cousent, is 
regarded as the author of the theory of interferences. Thence, by a, 
parity of reasouing which seems to me inevitable, Champollion ought 
to be regarded as the author of the discovery of hieroglyphics. 

I regret not to have sooner thought of this comparison. If, in his 
lifetime, Youug had been placed in the alternative of beiug the origina- 
tor of the doctrine of interferences, leaving the hieroglyphics to Cham- 
pollion, or to keep tlie hieroglyphics, giviug up to Hooke the ingenious 
optical theory, I do not doubt he would have felt obliged to recognize 
the claims of our illustrious fellow-countryman. At all events, there 
vonid have remained with him what no one could have contested, tlie 
right to appear in the history of the memorable discovery of the inter- 
pretation of hieroglyphics in the same relative position as that in which 
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Eepler, Borelli, Hooke, and Wreo appeared in the hiator; of nniversal 
gravitation. 

Note. — We have here put before onr readers the literal versloD of 
Arago's statement respecting the claims of Young in regard to the dis- 
covery of the principle of interpreting tlie Egyptian hieroglyphics. 
Arago's representations have been, as is well known, greatly called in 
question. And though he throughout speaks in a tone of marked 
courtesy and candor toward Young, yet it is clear that he espouses the 
canse of ChampoUion with an anlor which many, in this country, beliere 
has, in some degree, blinded him to the truth of the cose. At any rate, 
in the vivid and highly-colored sketch here presented by M. Arago, the 
reader may need some caution in discriminating the fair share of merit 
which may be claimed by the re3i>ective parties engaged in the inquiry. 
The author's national partialities may very naturally have had some idHn- 
ence in biasing his judgment. It is impossible here to enter on details 
of controversy. But both as to the actual amount and accuracy of Dr. 
Young's investigations and the relative claims of M. Champollion, the 
rearler may find it desirable to refer to the extended discussion of the 
subject given in Dr. Peacock's Life of Young. Without the pretension, 
or indeed the possibility, of adequately going into this question within 
the limits of such a commentary as can be here given, we shall content 
ourselves with pointing out to the notice of our readers a tew of those 
passages in that work in which Dr, Young's claims are powerfully rin- 
dicated. The conclusions turn out such a variety of points of details 
that it would be wholly impracticable to attempt any analysis of them 
in this place. But the result tends to assign a considerably larger shore 
of credit in the discovery to Dr. Young than Arago seems dis[>osed to 
allow him. Dr. Peacock's able and elaborate work is doubtless in the 
hands of all those who take any interest in a question so important to 
the advance of philological and ethnological science as well as to geu- 
ciiil literature. Yet a slight sketch of the chief points referred to may 
not be useless. 

\Vc may first mention that Dr. Young's article "Egypt," in the Sup- 
plement to the Encycloi>edin Britanuica, published in 1SI9, contains the 
most comprehensi vc survey of his labors and conclusions on the subject 
of hieroglyphic literature up to that date. It does not profess to go into 
those miuutite of critical detail, for which reference must be made to 
bis numerous otber writings on the subject : but as a general and popu- 
lar view it will always l>e consulted with advantage. Nevertheless, the 
reader must always bear in mind that in the statements just given much 
Iiad to be revised, or even reversed, (torn the improved disclosures of 
his later researches. 

Dr. Peacock has allndeil but briefly to the views of Arago, and toward 
the conclusion of the chapter sums up the representation of the case as 
given in the ^lojje, remarking only that the whole of his previous state- 
ments constitute the refutation of it. 

The following extract will show the main claims of Young, Insisted on 
by his biographer: 

*' It was Dr. Young who first determined, and by no easy process, that 
the rings* on the Itosetta stone contained the name of Ptolemy. It 
was I)r. Young who determined that the semicircle and oval, found at 
the end of the second ring, in connection with the former, was expressive 
of the feminine gender ; and it was Dr. Young who had not only first 
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saggested that tbe cbaractors in the ring of Ptolemy were phonetic, but 
h^ determined, witli one very ui^important inaccuracy, tbe values of 
four of those which were common to the name of Cleopatra, which were 
required to bf analyzed. All the principles involved in the discovery 
of an oli>habet of phonetic hwroglypbics were not only distinctly laid 
down but fully exemplified by him; and it only required the further 
identification of one or two royal names with the rings, which expressed 
them in hieroglyphics, to ext«nd the alphabet already known suGQciently 
to bring even names which were not already identified ander its operar- 
tion." 

Dr. Peacock states that Chami>ollion and Toung, while engaged sim- 
nltaneonsly in the prosecution of the researches connected with these 
iwiuta, in some instances had opportonities of personal communication 
with each other. But Gliami>ollion enjoyed especial advantiiges from 
circumstances which placed some of the papyri in bis possession, and 
Ijius enabled him to take iirccedence in the publication of results; 
while his competitor, if he had eujoyed the same ftieilities, would, no 
doubt, have been equally competent to perceive tho force of the new 
evidence tbns adduced, and equally ready to make ase of it, even if set- 
ting aside some of his earlier inferences and conjectures. 

Dr. Peacock, after reflecting with much seventy on Ohampollion, cs- 
presses his regret to find so eminent a writer as Chevalier Buusen, 
whose remarks are quoted before, (p. 311,) " supporting, by the weight 
of his authority, some of tbe grossest of these misrepresentations," (p. 
337.) 

Dr. Yonng displayed singular modesty and forbearance in his contro- 
versy with Cbampollion, treating him thronghout with all the respect 
due to his acknowledged eminence, and while mildly reproaching him 
with omitting to give him the duo credit for his own share in the re- 
search, yet in no way insinuating that any discreditable motive led to 
the omission. Dr. Peacock, however, thinks a far more stringent tone 
of criticism might have fairly applied ; he takes up the cause of Young 
with a less scrupulous zeal, and, though with perfect good temper, yet 
with deeply damaging force of nrgument and statement of i'achj, ex- 
poses the very unjustifiable nature of Champolllon's assumptions, and 
vindicates the claims of Young to his fa,ir and important share in these 
discoveries. He dwells on the tone of assumption in which Champolliou 
presents himself to his readers as in exclusive possession of a proviiioo 
of which he had long since been the sole conqueror, and regards every 
qaestiou raised ns to bis exclusiverights as an uujustiflable attack to be 
resented and repelled, while he studiously suppresses the dates of the 
successive stages of the discovery, and tlius attacks Young on the as- 
sertions made on imiwrfect knowledge in tbe earlier stages of his in- 
vestigations with the aid of all his own accumulated iuformatiuu ac- 
qaired subsequeatly, a proceeding the iniquity of which needs only 
stating to stand exposed. As instances of this, it is meotioued that 
Yonug, in 1810, on the strength of comparatively imiierfect information 
then acquired, made some representations respecting the enchorial char- 
acters in the KosetUv inscription, and their relation to those emjtloyed 
in the funeral rolls. These Champolliou criticises and exposes without 
reserve from the more full knowledge he had obtained in 182-1, entirely 
passing over Young's own later statement on the same subject, correct- 
ing his former views, and from which even Dr. Peacock considers Cbam- 
pollion himself probably derived a large portion of his own knowledge of 
tbe subject. Dr. Peacock has collected in one point of view ChamiK>1- 
lion's main assertions a« repretienting the state of the case., .But be lias 

Cooi^fc 
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shown that some of tbe propositions «1welt upon wore, Id poiDt of fact, 
never maintained by Dr. Young ; and it was chiefly by his later re- 
searches that the en-oneons impressions at first entertained, respecting 
the points to which they relate, had been corrected and Iheir true na- 
tnre established. 

In IS'il Cbainpollion denied altogether the existence of an alphabetic 
element among the hieroglyphics; but in the following year be 
adopted the whole of Young's principles, and applied them with one 
nio<lification only. The analogy of certain marks in tho Chinese hiero- 
glyphics to signify proper names, the principle that the phonetic power 
of the symbol is derived from the initial letter or syllable of the name 
of the object which it represents in the Egyptian language, are among 
the chief of those which he borrows without acknowledgment, or claims 
without regard to their prior announcement by Yonng. " It would be 
difficult," says Cr. Pencock, " to point ont in the history of literature a 
more flagrant example of disingenuous suppression of the real facts 
bearing on an important discovery." — Tbanslatob. 

MISCELLAKEOTTS WOHK8 OP DR. TOTTWO. 

The limita prescribed do not permit me even to quot« the mere titles 
of all the numerous writings which Dr. Young published. Nevertheless 
tho public reading of so rich a catalogue would certainly have sufficed 
to establish the celebrity of onr colten^e. Who would not imagine, in ' 
fact, that he had betbre him the register of the labors of several ncaide- 
niies, and not those of a single individual, on hearing, for instance, the 
following list of titles : 

Memoir on tho Estalilislimento wherfl Iron is 1^-^oDght. 

Essays on Mnsic and PalntinK. 

Remarks ou Ihe Hnliite of Bindera nnd the Thooiy of FabrJoinii. 

On the Stability of th« Arcbos of Bridi^. 

On the AtuiOBphere of tbd Hoon. 

Description of a new Species of Opercnlnrin. 

Mathonintical Thiwry of Epicycioidal Carvea. 

Restoration uiid Tmnslation of different Greek Inscriptions. 

Od the Moans of Strengthening tho Constroction »f Sliips of tho Liun. 

On tho Pluj of the Huart nud of tbe Arteries in tbe Pbuuomeua of Citcolation. 

Theory of Tides. 

On tho Diseases of the Chest. 

On tlie Friction of the Axes of Hachinos. 

On tho Yellow Fover. 

On the Calculation of Eclipses. 

Essays on Orammar, dec* 



Labors so nnmerons and varied seem as if they must have required 
the laborious and retired life of that class of men of science, which, to 
say the truth, is beginning to disappear, who from their earliest youth 
separate themselves from their companions to slint themselves up com- 
pletely in their studies. Thomas Young was, on the contrarj', what is 
usually called a man of the world. He constantly frequented the best 
society in London. The graces of his wit, tbe elegance of his manners, 
were amply sufficient to make him remarkable, but when we figure to 
ourselves those numerous assemblies in which fifty different subjects in 

* This list, it sbould be borne in miud, ia int«ndcd by tbe anthnr merely as a speci- 
men of tbe vast catalogne wbicb might bo made of Yonng's writin(pi ; the reader will 
find ample details as to bis inoomerable productions in Peacock's Life. — Trakslator. 

C.oo^lc 
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ttint are skimmed over in a few miDutea* we may conceive what value 
would be attached to one who was a true living library, from whom every 
one could And, at a moment, an exact, precise, substantial answer on . 
all kinds of questions which they could propose to him. Young was 
much occupied with the flue arts. Many of his memoirs testify the pro- 
found knowledge which he had happily acquired of the theory of music. 
He carried out also to a great extent the talent of executing it ; and I 
believe it is certain that of all known instruments, even inclnding the 
Scottish ba<^ipe, only one or two could be named on which he could 
not play. Uis taste lor painting developed itself during a visit which 
he |)aid to Germany. There the magnificent collection at Dresden ab- 
sorbed his attention entirely ; for he aspired Dot solely to the easy credit 
of connecting together, without mistake, the name of such or such an 
artist with such or such a painting; the defects and the characteristic 
qualities of the greatest masters, their fluent changes of manner, the 
material objects which they introduced into their works, the modifica- 
tions which those objects and the colore- underwent in progress of time, 
among other points, occupied him in succession. Young, in one word, 
stadi^ painting in Saxony as'be had before studied languages in bis 
own country, and aa he afterward studied the sciences. Everything, 
in fact, was a subject of meditation and research. The university 
COD temporaries of the illustrious physicist recalled a laughable instance 
of this trait of his mind. They related that entering his room one day, 
when for the first time he had taken a lesson in dancing the minuet, at 
Edinburgh, they found him occupied in tracing out minutely with the 
rule and compasses the ronte gone tbiough by the two dancers, and the 
different improvements of which these figures seemed to him susceptible. 
Young borrowed with happy effect from the sect of the Frieiids, to 
which he then belonged, the opinion that the intellectual faculties of 
childreu difter originally from each other much less than Is couimouly , 
eupposed. "Any mau can do what any other man has done," became 
his favorite maxim. And further, never did he personally himself recoil 
before trials of any kind to which he wished to subject his system. The 
first time he mounted ahorse in company with the grandson of Mr. Bar- 
clay, the horseman who preceded them leaped a high fence. Young 
wished to imitate him, hut he fell at ten paces. He remounted without 
saying a word, made a second attempt, was again unseated, but this 
time was not thrown further than on the horse's neck, to whicli he 
clung. At the third trial the young learner, as his favorite motto taught, 
sacceeded in executing what another had done before him.* This experi- 
ment need not have been referred to here, but that it had been rei>eated 
at Edinburgh, and afterward at Gottingen, and carried out to a further 
extent beyond what might seem credible. In one' of these two cities 
Young soon afterwanl entered into a trial of skill with a celebrated 
rope-dancer ; in the other, (and in each case the result of a challenge,) 
be acquired the art; of executing feats on horseback with remarkable 
skill, even in the midst of consummate artistes, whose feats of agility 
attra<;t every evening such numerous crowds to the circus of Franconi. 
Tbns, those who are fond of drawing contrasts may, on the one side, 
represent to themselves the timid Newton,t never riding in a carriage, 
so much did the fear of being upset preoccupy him, without holding to 

* Tbis nuecilote weeniH at variance witli what is stated od thti aiitharity of a Com- 
bridgo contemporary of YomiR iu Dr. Peacock's Life, (p. 119,) that ho only once tboce 
atttotipted to follow the houuda, wiieo a tisvere fall iirevent«d any fmtbet exhibitions 
of the kind.— TRAKH.ATOi(. 

t Tbis practice baa beeu described as that of Non-toD'a, bnt the motive aad^od by 
jLtago iB noTcL ('~ . ^ ( W I C 
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both the doors with extended nrms, and, on tbe other, bia distiogaished 
rival galloping on the backs of two horses with all the confidence of an 
equestrian by profession. 

In England, a physician, if he does not wish to lose the confidence of 
the public, ought to abstain from occupying himself with any scientific 
or literary research which may be thought foreign to the art of caring 
diseases. Young for a long time did homage to this prejudice. His 
mitings appeared under an anonymous veil. This veil, it is true, was 
very transparent. Two consecutive letters of a certain Latin motto 
served successively in regular order as the signature to each memoir. 
But Young communicated the three Latin words to all his friends both 
in his own country and abroad, without enjoining secrecy on any one. 

Besides, who wonid be ignorant that the distinguished author of the 
theory of interferences was the foreign secretary of the Royal Society 
of London ; that he gave in the theater of the Boyal Institution a coarse 
of lectures on mathematical physics ; that, associated with Sir H. Davy, 
he published a journal of the sciences, &c. 1 And, moreover, we must say 
that his anonymous disguise was not rigorously observed even in his 
smaller memoirs ; and on important owasions, when, for instanw, in 
1807, the two volumes in quarto appeared, of 800 or 900 pages each, in 
which all branches of natural philosophy were treated in a manner so 
new and profound, the self love of the author made him forget the in- 
terests of the physician, and the name of Young in large letters replaced 
the two small italics, whose series was then terminated, and which 
would have figured in a rathcT ridiculous manner in the title-page of 
this colossal work. 

Young had not then, as a physician, either in London or at Worthing, 
where he passed the sea-bathing season, any extended practice. The 
public found him, in fact, too scientific. We mnst also avow that his 
public leetnfes on medicine, those for instance which he delivered at 
St. George's Hospital, were generally hut ill-att«uded. It has been said, 
to explain this, that his lectures were too dry, too fiUl of matter, ami 
that they were beyond the apprehension of ordinary understandings. 
But might not the want of success be rather ascribed to the freedom, 
not very common, with which Young pointed out the inextricable diffi- 
culties which encounter us at every step in the study of the numerous 
disorders of our frail machine t 

Would any one expect at Paris, and especially in an age when every 
one seeks to attain his end quickly and without labor, that a professor 
of the faculty would retain many auditors if he were to commence with 
these words, which I borrow literally from Dr. Young: "No study is 
so complicated as that of medicine ; it exceeds the limits of human in- 
telligence. Those physicians who precipitately go on without trying to 
comprehend what they observe, are often just as mncli advanced as 
those who give themselves np to generalizations hastily made ou obser- 
vations in regard to which all analogy is at fault." And if the profes- 
sor, continuing in the same style, should add, " In the lottery of medi- 
cine the chanws of the i>osses3or of ten tickets most evidently be gi-eater 
than those of the possessor of five," when they believed themselves en- 
gaged in a lottery, would those of his auditors whom the first phrase 
had not driven away be at all disposed to make any great efforts to 
procure for themselves more tickets, or, to explain the meaning of our 
professor, the greatest amount of knowledge possible t 

In spite of liis knowledge, perhaps even from the very cause that it 
was so extensive, Young was totally wanting in coufldence at the bed- 
side of the patient. Then the mischievous eff'ects which 4night.eveut- 
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oally reflnlt from tbe action of the medicine, even the most clearly 
called for, presented themselves in a masa to hia mind ; seemed to coan- 
terbalaiice the favorable chances which might attend the use of them ; 
and thos threw him into a state of indecision, no doubt very uatoral, 
yet on which the public will always put an uufavonible coustraction. 
The same timidity showed itself in all the works of Yonng which treated 
on medical subjects." This man, so eminently remarkable for tbe bold- 
ness of his scientiftc conceptions, gives here no more than a bare enumera- 
tion of facts. He seems hardly convinced of the soundness of his 
thesis, either when he attacks the celebrated Dr. Radcliffe, whose whole 
secret iu the most brilliant and successful practice was, as he has him- 
self said, to employ remedies exactly the reverse of the usual way; or 
when he combats Dr. Brown, who fouud himself, ns be says, in the dis- 
agreeable necessity of recognizing, and that in accordance with the offi- 
cial documents of an hospital, attended by tbe most eminent physicians, 
that, on the average, fevers loft to tbeir natural course are neither more 
severe uor of longer duration than those treated by the best methods. 

In 1818 Young, having been named secretary to the Board of Longi- 
tude, abandoned entirely the practice of medicine to give himself up to 
the close superintendence of the celebrated iwriodical work known 
under the name of the Nautical Almanac. From this date tbe Journal 
of the Royal Institution gave eveiy quarter his numerous dissertations 
on the most important problems of navigation and astronomy. A vol- 
ume entitled " Illustration of the M^canique Cfjieate of Laplace," a scien- 
tific discnssion on the tides, amply attested that Young did not consider 
the employment he had accepted as a sinecure. This employment be- 
came, nevertheless, to him a source of unceasing disgust. The Nautical 
Almanac had always been, from its commencement, a work exclusively 
destined to the service of tbe navy. Some persons demanded that it 
ought to be made, besides, a complete astronomical ephemeris. The 
Board of Longitude, whether right or wrong, not having shown itself a 
strong partisan of the projected change, fouud itself suddenly the object 
of tbe most violent attacks. The journals of every party, whig or tory, 
took part in the conflict. 

We were no longer to view it as a union of such men as Davy, Wol- 
laston. Young, Herschel, Kater,.and Pond, but an assembly of individ- 
uals (I quote the words) "who obeyed a Bceotian influence." The 
Nautical Almanac, hitherto so renowned, was now declared to have be- 
come an object of shame to the English nation. If an error of the 
press was discovered, such as there must be in any collection of figures 
at all voluminous, the British navy, from tbe smallest bark up to tbe 
colossal three-decker, misled by an incorrect flgure, would all together 
be engulfed iu the ocean, &c. 

It has been pretended that the principal promoter of these foolish 
exaggerations did not perceive such foolish errors in the Nautical 
Almanac until after he bud unsuc(«ssfully attempted himself to obtain 
a place in the Board of Longitude. I know not whether tbe fact was 
80. In any case, I would not make myself the echo of the malicious 
commentaries to which it gave rise. I ought not to forget, in fact, that 

"Ibis timidity iu medical B|)eculatii>ii ia ootiruly borne out by thu tenor nf Yonng'ti 
iDU'llectii.tl character, ok oihiliiti:)] in auch forcible I ineamciita intlix portrnit presented 
tons by Dr. Peacock. His mind waaeBacntially coat in imiottet-of-fntt, positive, demon- 
■trative mold; hcnceallaiibjectsof abstract or donbtfuliuqiiir.v. in nbich proliabiUtlea 
alono coulil be eatiiiiat«<1, or wbon tbe conclasiona \Tere to l>e tbe result of moral dis- 
crimination, were utterly unsuited to him. His medical character has been viewed, 
however, in a uiacii hiclicr light by Dr. Peacock, nho htut aoujicbt to combat tbo nn- 
fovonblo impresaions bcro lulvauced. (See especiaUy pp. 313, K!^.)— Tru^SIATOB, 
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for many years past that member of the Royat Society to whom I allade 
has nobly devoted a part of his large fortune to the advancement of 
scJenee. Tbia comraeodable astronomer, like all men of science whose 
thoughts are concentrated on one sole object, fell into the error, which 
1 do not pretend to excuse, of measuring through a magni frying- glass 
the importance of the projects be bad conceived. But that with which, 
above all, he must be reproached is, that be did not foresee that the 
hyperbolic language of his attacks would be taken literally; that be 
forgot that at all epochs and in all countries there are a great number 
of persons who, having nothing to console them for their littleness, seize 
88 3 prey on all occasions of scandal, and, under the mask of eeat for 
the public good, enjoy the delight of being ignoble defamers of those of 
tbeir contemporaries whose success has been proclaimed by fame. In 
Borne, he whose office it was to insult the triHm[>liant conqueror was 
altogether a slave ; in Jjondon it was a member of the House of Ckim- 
mona from whom the men of science received a cruel affront. An orator 
notorious for his prejudices, but who had hitherto vented his bitterness 
only against productions of French origin, attacked the most celebrated 
names in England, and retailed against them, in open Parliament, 
puerile accusations with a laughable gravity. Ministers, whose elo- 
quence was exercised tor hours on the privileges of a rotten borough, 
did not prouounce a single Word in favor of genius. The Board of 
Longitude was suppressed without opposition. The next day, it is true, 
the wants of an innumerable marine service made their imperative voice 
heard, and one of the men of science who had been displaced, the former 
secretary of the board, Dr. Young, found himself recalled to his old 
labors. Paltry reparation I Would the man of science feel less the 
separation from his illustrious coileagnesl Would the man of feeliug 
less perceive that the noble fruits of human intellect were subjected to 
tariff by the representatives of the country, in pounds, shillings, and 
pence, like sngar, pe]>per, or cinnamon f 

The health of our colleague, which had already become somewhat 
precarious, declined from this sad epoch with fearful rapidity. Skillful 

Ehysicians, by whom he was attended, soon lost hope. Young himself 
ad a consciousness that his end was approaching, and saw it come with 
an admirable calmness. Until bis last hour he occupied himself with- 
out intermission on an Egyptian dictionary then in the press, and which 
was not published till after his death. When his powers did not permit 
him any longer to sit up or to employ a pen, bo corrected the proofs 
with a pencil. One of the last acts of his life was to exact the snp- 
pression of a small publication written with talent by a friendly hand, 
and directed against all those who had contributed to the destruction of 
the Board of longitude.* Yonug died surrounded by a family by whom 



* The whale account of the tranBactions connected with Iho abolition of the Board 
of Longitude must t)o received vitli aume ciuali Heat ion. Arago writes on tlie subject 
in his UHunl vehement Uiae, and- in the fwliUR JD which the whole afl'uir would 
naturall; bo viened by ti foreicner ]>erhapa not intimiltoly acquainted with the 
minute points of the case, and the somewlint ditferent relative pueilion occupied by 
tiie parties in En|claoil to that in which the; might stand in France. It may l>e rislit 



very briefly to point out a few particulars iu the case, which are neressaiy fur formiug 
a correct impression tif it. The Board of Longitude, oriicinally inst<tote<l, as ita niuiie 
implied, for one speeitlc oliject, which it was considefeit bad been Biifflcieotly Attained, 
WM, iu I6t*j, remodeled by act of Parlinment, when Dr. Yonng was appointed secre- 
tary to the iHnrd nnd superintendent of the Nautiual Almanac. The late Mr. F. Bnily, 
whose emiDCDce in astronomical science may perhaps be dated froiii that event, 
Strongly pointed out the namerons defects of the Nanlical Almanac. This led to some 
oontroversy of rather a sharp ualnre between himself and Dr. Young, who defended 
Uio existing system. Other oatrouomeis Joined in the desire for tbeae and even mora 
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he was adored, May 10, 1829, barely at the age of fifty-six. Ezamina- 
tioii showed that be suffered from ossification of the aorta. 

I have not <lwelt too long on the task imposed on rae if I have brought 
ont, as I wished to do, the importance and novelty of the admirable law 



e improvements, all which (with one alight concossion) were Btendily opposed 
by Dr. Young. Among these advocates for reform were several members of the lio.lrd 
itself, who urged them at its meetings. There was also a very prevalent impression, 
even among its own members, that the board was not well constituted, and might 
have been capable of much better service to the DatioD if its fanctions were less re- 
stricted and the selection of its membera plaoed on a better footing. In other quar- 
ters impreasions unfavorable to its utility were prevalent, and it can hardly be matter 
of snrprise that, when the i>oar<l was itaelf divided iu opinion, the public or the legis- 
latnre should entertain doubts of its utility, or oven hostile feelings toward it. What 
were the precise notions of the government, or the machinatious by which they were 
inflnenced, it la itnpossiblo to say ; but it is certain that, in WSS, cbi;6y through the 
inflnonce of Mr, Crokcr, its dissolution was detentiiued upon and carried t>y act of 
Parliament without anyopposition being attempted. Instead, however, of an enlarged 
board, with increased powers, three scicntilic advisers of the admiralty were appointed, 
of whom Dr. Young was one, retaining the superintendence of the Nautical Almnnnc— 
a system nbich has been since remodeled, in accordance with the report of a committee 
appointed out of th^ Astronomical Society. 

Dr. Young appears all along to have been affected only by the pemonai acrimony of 
some of tbe attneks upon himself in relation to the editorship of the Nautical Alniunoc, 
and not ut all by any feeling for the Board of Longitude, as Ara^o would regard it. 
That board, as already observed, was divided against itself, end it therefore fell. It 
was never upheld on the only right ground. Neither the Ijoard nor tbn fi'iends of 
science sufBcieutly urged the strong and irresistilite claims which the^ might have 
preferred to the govenimunt of tbe country, that "a council of science," with extended 
powers, properly selected and adequately remunerated, would be the appropriate ad- 
junct of the government of a country all whose resources are so powerfully developed 
in exclusive dopeodoneo on the applications of science. 

The government would thus have hatl the means of sound scientlfio advice con- 
stantly at hand, of which experience proves they are in daily want on every emer- 
gency, and which they obtairi by asking the gratuitons services of men of science, and 
the (jrown would bavu possessed tbe means of making a graceful acknowteilgiucnt of 
tbe services, and paying a just tribute to the genius ol men devot«d to tbe higher 
branches of the abstract sciences, which are of a nature incapable of themselves of 
alTurdiug any kind of remuueration, or, in the ordinary course, leading to any of those 
honors or prefernicnts which await eminence in other professions. — TnANSLATOit. 

The reader may be leterred, for details of the qiTostioDS here cousidorod, to the fol- 
lowing documents : 

1. "Astronomical Tables and Remarks for 1823; publisheil December, 1821," by F. 
Baily, est]., with '' Remarks on the present defective state of the Nautical Almanac" 

2. A reply to these remarks appeared in Mr. Braode's Quart«rly Journal of Science, 
April, ISii. (Attributed to Dr. Young.) 

3. Practical observations on tbe Nautical Almanac, &c., by James South, F. B. S- 

o the government and astro- 



isstatements, &c,, in a ]>aper presented to the admiralty by Dr. T. 
onng, and printed by order of the House of uommonn, by the same. 1629. 
6. Further reiunrks on the present defective state of the Nautical Almanac, dec, by 



U29. 
..._... «e of the Astronomical Society relative to tbe improvement 

)f the Nautical Almanac, adopted by tbe council of the society, and a]>provei1 and 
ordered to bo carried into edect by tbe lords commissioners of tile admiralty, Ib30. 
(Memoirs of the Astronomical Society, vol. iv, p. 447,) 

8. A motion was made In the Hoiwo of Commons February 2H, 1B39, for certain 
TetuniB respecting the Board of Lontptndo and' the Nautical Almanac, &c. Tbe re- 
turns were made and printed, consisting of: 1. A memorandum of a statement made 
to the chancellor of tbe elchoquer for reforming the Nautical Almanac and estab- 
llshmeut of a new Board of Longitude. 3. A paper read at the board by J. Herschel, 
esq. 3. A report on n uieinorandum, &.c,, by Thomas Young, M. D. In the last. Dr. 
Young makes answer to what he considers objections raised in the " Memorandum," and 
also replies tothoso of Mr. Baily and &Ii. South. Sir J. South' s pamphlet contains 
tbe liemorandum, the objections raised or inferred by Dr. Young, his replies to them ; 
■II which are severtdy criticised. At page 60 is a curious acconut of some discossions 
at Sir H. Davy's toiree, between Sir J. South and Dr. Young. 
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of ioterferences. Young is now placed before your eyes as one of flie 
most illuatrions men of science, in whom England may jnstly take pride. 
Your tboughta, anticipating my words, may perhaps perceive already, 
iQ the recital of the Just honors shown to the aathor of so beautiful a 
(liscoverj-, the peroration of this historical notice. These ailticipations, 
1 regretttisay, willnotberealize^l. The death of Young has in his own 
coaiitry created very little sensation. The doors of Westminster" Ab- 
bey, so easily accessible to titled mediocrity, remained shot upon a man 
of genius, who was uot even a baronet. It was in the village of Fam- 
boroagh, in the modest tomb of the family of bis wife, that the remains of 
Thomas Young were deposited. The indifference of the English nation 
for those scientific labors which ought to add so much to its glory is a rare 
anomaly, of which it would be curious to trace the causes. I should be 
wanting in frankness, I should be the panegyrist, not the historian, if I 
did not avow that, in general. Young did uot sufficiently accommodate 
himself to the capacity of bis readera; that the greater part of the writ- 
ings for which the sciences are indebted to him are justly chargeable 
with a certain obscurity. But the neglect to which they were long con- 
signed did not dei>end solely on this cause. 

The exact sciences have an advantage over the works of art or imagi- 
nation which has often been pointed ont. The truths of which they 
consist remain constant through ages without sufferiug in any respect 
from the caprices of fashion or the decline of taste; bnt thus, when 
once these researches rise into more elevated regions of thought, on how 
many competent judges of their merits can we reckon t When Richelieu 
let loose against the great Corneille a crowd of that class of men whom 
envy of the merit of others renders furious, the Parisians vehemently 
hissed the partisans of the despot cardinal, and applauded the poet. 
This reparation is denied to the geometer, the astronomer, or the physi- 
cist who cultivates the highest parts of science. Those who even com- 
petently appreciate them throughout the whole extent of Enrope never 
rise above the number of eight or ten. Imagine these niijust, inditferent, 
or even jealous, (for I supirase that may sometimes be the case,) and the 
public, reduce<! to believe on hearsay, would be ignorant that D'Alem- 
bert had connected the great phenomenon of precession of equinoxes 
with the principle of universal gravitation; that Lagrange had arrived 
at the discovery of the physical cause of the libration of the moon ; 
that since the researches of Laplace, the acceleration of the motion of 
that luminary is found to be connected with a pariicnLir change in the 
form of the earth's orbit, &c. The journals of science, when they are ' 
edited by men of recognized merit, thus acquire, on certain subjects, 
an influence which sometimes becomes fatal. It is thns, 1 conceive, that 
we may describe the induence'which. the Edinburgh Review has some- 
times exerciseil. Among the contributors to that celebrated journal at 
its commencement, a yonug writer was eminently distinguished, in whom 
the discoveries of Newton had inspired an ardent admiration. This 
sentiment, so natural, so legitimate, unfortunately led him to miscon- 
ceive the plausible, ingenious, and fertile character of the doctrine of 
interferences. Tlie author of this theory had not, perhaps, always taken 
care to clothe his decisions, his statements, his critiques, with those 
more polished forms of expression the claims of which ought never to 

* The f^iieatera ot Poet's Comer need not be reminded that literature aud scieDra 
are not i-xcludcd from their Hliare of funereal honora id Weetuiiiiater Alil>ey. M. Arago 
here, aa Id some olber pasumes, ma; naturally be a little IpcomKt in reftirriDg to 
natioDAl n«iii;e«. The delay which occarred in tepad to Youog's monumeDt ift, how- 
ever, Dot fully exjilftined 1>; Dcau Peacock. (See LtCe of Young, p. 400.) — Tbansl&tob. 
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be neglected, aod wbicb, moreover, became a matter of imperative dut;^ 
vben the question referred to the immortal autbor of the Natnral Pbi- 
loaophy," (the Principiat) The penalty of retaliation was applied to him 

* It tMina impowtible to make thU RCDtcDce int«Ui)^ble, nnlesB ire Bnppose the " im- 
niarttkl author snoken of to be Newton, and by consequeDcetbat the title AaturalPkilot- 
tphf nag a slip of the writer's pen for Prindpui. Yet the BuiipoBitioa that the hostihty 
of the EdinhnTf^h Itefiew was at all cnlled forth Uy any want of courtesy toward New- 
ton in the writings of Yoiidg; is wholly iinsnpportecl by anything in Young's papers, 
in which he cites the views of Newton with the (ireatest respect. — Traksi^tor. 

A'mtoN'* tupport of the (rousion theory of light. — TIib authority of names can never be 
of any avail t» the truly inductive pliilosophor ; his motto Is emphatically " nulliH* in 
vtrba." Bnl there ha« been always a proppusity among writers ou Ibe subject to dwell 
on such anthority, and to array great names on either side of any of tliosecontmverted 
points which have divided the scientific world. Perhaps, where theqneetion is par«l7 
one of opinion, and refers simply to hypotheses upheld for what they are worth as 
Bach, the weight of a nome may not be unworthy of due estimation : great experience 
and tush genins may add value to a pure k^polhetlt, though it could not to a poeitiTO 
odhcImmod. In regard to theories of light this has been conspicnuusly exempliflpd, and 
during a long continuance of controversial discussion it baa been a matter of trininph 
to the opponnnts uf the uudnlatory theory that the authority of Newton is on tbeii 
■ide. AuA even Arogo, as well us some other supporters of It, have spoken as if regret- 
ting that they were thus conltrained to put tbemeelves in antagonism to Newton. 
Ther have pictured two rival theories, tlie one headed by Newton and supported by 
LapiBCO, Biot, Brewster, and Potter; the other npbeld in opposition to them by Huy- 
f[heus, Hooke, Euler, Fresnel, Y'oung, Aiiy, and all the Cambndoe school. 

Bat a very slight inquiry into the real nicts entirely dispels tbis view of the case. In 
particnlar, Dr. Yonng himself, in proposing his iheory, so for fh>m opposing the Newto- 
nian views, expressly endeavors to conciliate attention by claimingtbewcTght of New- 
ton's authority on kU own $ide; tlms, in bis paper " On the tbeoipr of light and colors," 
(Phil. Tr»nB., IWl,) he commences by highly extolling the optical researche* of New- 
ton, and then observes, "Those who are attached, as the^ may be, with the neatett 
Jiutice, to every doctrine which is stamped with the Newtonian approbation, will proba- 
bly be disposed to bestow on these considerations (i. e., his own viewe) so much the 
more of tlieir attention as they shall appear to coincide more nearly with Newton's 
opinion." He then proceeds to examine in detail a nnmber of passages from NewtOD's 
writings, in which the theory of waves is distinctly upheld and even applied with some 
precieiou to the eiplauation of varions phenomena of light, illoatrated by their ouolo- 
gics to those of sonnd. 

It is perfectly trae that Newton, in the actnal investigation of several phenomena of 
light, adopts other hypotheses than those of waves, and «h)eBy the idea of light 
(whatever may be its nature) being subject to certain attractions and repulsions, to 
certain bendings when approaching near the edges of solid bodies, to certain peculiar 
modi H cations or changes in its nature recurring periodically at certain minute inter- 
vals along the lont^h of a my, to the iilea of a ray having " sides " endued with dif- 
ferent properties ; in a word, a variety of conceptions which he introduuee for the pur- 
pose or giving some kind of imaginary phynical renre«entatiou of the nodus o^ieraiidi in 
each of the several curious experimental coses which be bad examined. In all these 
there is no unity or coiumuuity of principle | there is at least nothing like the spirit ot 
theory, no continual rei^urrence to one leading idea, no iierpetual appeal ta any one 
pi nctple, however i magi uary, bnt an att«m^t in each isolated case to frame something 
like an isolated hypothesis to suit it, and in some way to represent its phenomena, 
thongh without any attempt to connect them with the others. It may perhaps be said 
that all these various suppositions agree in snpposing light to be material, to be some- 
thing emitted from the luminous sonrcc. But on a closer eiamination it seems far 
from certuin that even this can be maintained. The only part of these investigations, 
perbapH, in which anything very positive of thiH kind is distinctly introduced, is when 
Newton investigates the laws of refraction ou the express sup|toBition of suiall mole- 
cules attracted liy the molecules of the medium. But in thisinstauco it has been truly 
gliserved that, at the time when Newton wrote, no mathematical method existed by 
which this kind of action conld be reduced to calcniation, except those involving the 
action of attractive force. To give, then, a mathematical theory of ordinary reflection 
and refhictioD, ho was necessitated to make nse of this method. Whoti he came to in- 
vestigate those more recondite pbcnomeua ivhich he (very appropriately to their op- 
pareal nature) called "iu flection," the idea most nBtnrally and obvionHly preseutMl was, 
that some power or influence, aualogoas to attraction and repulsion, existing in the 
edge of an opaque body to liend out of tbeir course roys passing very near It, and this 
might seem to imply the materiality of those rays. A kind of a/l«rnatii9 action of this 
sort, which he imagined necessary to account for a part of thoeflbct, would, however, 
hardly he reconcilable to the idea of direct eniission. It wonld bo a difflcolt matter 
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■with intereat; tlie Edinbargh Review attacked the mao of erodition, 
the writer, tlie geometer, the experimenter, with a vehemence, with a 
severity ot expressiou, almost without example in acienti&c diacossion. 
The pablie usually keep on their guard when such violent language ia 
addressed to them ; but in this instance they adopted, at the first onset, 
the opinions of the journalist, in which we cannot fairly accuse them of in- 
considerateness. The journalist, in fact, was not one of those unfledged 
critics whose mission is not justitied by any previous study of the sub- 
ject. Several good papers, received by the Eoyal Society, had attested 
his mathematical knowledge, and had assigned him a distiugntshed 
place among the physicists to whom optical science was indebted; the 
profession of the bar iu London had acknowledged him one of its shin- 
ing luminaries; the whi^ section of the House of Coainions saw in him 
an efBcient orator, who, in parliamentarj' struggles, was often the happy 
antagonist of Canning. This was the future president of the House of 
Peers — the present lord chancellor." How could opposition be ofiGered 
to unjust criticisms proceeding from so high a quarterT I am not igno- 
rant what firmness some minds enjoy iu the consciousness of their being 
in the right, iu the certainty that sooner or later truth will triumph; 
but I know, also, that we shall act wisely in not reckoning too much on 
such exceptions. Listen, for example, to Galileo himself, repeating iu 
a whisper, after bis abjuration, "E pur «t muove!" and do not seek in 
these immortal words an augury for the future, lor they are but the ex- 
pression of the crael vexation which the illnstriuns old man experienced. 
Young, also, in writing a few pages which he published as an answer to 
the Edinburgh Review, showed himself deeply discouraged. The 
vivacity, the vehemence of his expressions, ill concealed the sentiment 
which oppressed him. lii a word, let us hasten to say that justice, com- 
plete justice, was at length rendered to the great physicist. After sev- 
eral years the whole world recognized in him one of the brightest lomi- 

to conceive particlee darted tfarongb space nit.U such inconceivable vulucit; as most 
belong to tiiose of iight, and yet BtopniuK to wave alioiit, in and out, aa Nuwton ex- 

S leases it, " like an eel," close to the edge of a bodv, by virtue of some mysterioos in- 
uenco which it eiercisea upon them. 

Agniu: tlie theory of thosu alUtmatins et«t«8, conditions, or "fits," aa he tenned 
tbetu, at such minute int«Tvahi along the ieofcth of my, iilt^miitely putting it in astatn 
ta l>o refiecttMl, sod again to be tranptmitt^d l>y a transjiureiit meilintu, aeem very remote 
from tbt! idea of a single rectilinear progress of molecules through space following one 
another at immense intervals of distance, tboueh in inconceivably nipid succession in 
time. It would be easy to extend snch remarks ; but it will probably be seen, with 
BUfllcieDt ovidence for out present purpose, that neither iu profession nor in fact can 
Newton's name l>o appoalea to as at all an exclusive supporter of the material bypoth- 
Mie of light, evou if in other passages ho had not distincity rcterrod to that of uudu- 
latione ; and of these references a large number are quoted from diflcrent portions of 
his writings by Dr. Young in the paper above cit«d. In some of these, while he ad- 
mits the reailmeas with which the idea of waves reprcseots the pbeuomeoo, lie yet 
dwells on certain apparent objections which seemed to invalidate that idea. 

Upon the whole, it appears that the name of Newton can in no way l)e legitimately 
oloimed as a portiiian of either theory. Indeed, it is surprising that any claim of the 
Ifiud could have been set np oe regards the emission ttieory, after his onu distinct 
avowal : 

"Tis true, that from theory I argue the comoreity of light; bnt I do it without any 
absolute positiveuess, as the word ' perhaps' intimates; and niske it at most but a ven 
plansible consequence of the doctrine, and not a fundamental supposition, nor so ntu^ 
as any part of it."— (I'lJ'l- Trans., vol. x, 1675, p. 5086.) 

While In respect to either hypothesis, it is sufficiently evident to those acquainted 
with bis writiugs that be never tyalemaUiMllf upheld either the one or the other; but 
aoai time to time, as each particular Investigation seemed to require, be adopted the 
one oi the other principlu, just as it seemed to give the more ready explanation of tho 
point before him. — Tbakglatur. 

* Lord Brougham, who hold that offico when UUa biography was written. 
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Daries of the age. It ia from France (and Toung took pleasure in him- 
self proclaiming it) that the fli-st sign of this tanly reparatioD showed 
itself. I will add that, at an epoch conddenvbty before the doctrine of in- 
terfereuces bad made converts either in England or on the Ooatinent, 
TouQg found nithia his own family ciicle one who comprehended it, 
and whose assent to it might well console him for the neglect of tbe 
public. The distinguished person whom I here point out to the notice 
of the physicists of Europe will excuse me if I complete this indiscre- 
tion by staling the circumstances. In the year 1816 I made a tour in 
England with my scieutiflc friend, M. Gay-Lussac Fresuel had just 
then entered on his scientittc career in the most brilliant manner by the 
publication of his memoir on diffraction. This work, which, in our opin- 
ion, contained a capital experiment irreconcilable with the Newtonian 
theory of light, became naturally the first subject of our discussion with 
Dr. Young. Wo were astonished at the numerous qualifications which 
be put upon our praises of it, until at length he stated to us that the very 
experiment which we so much commended had been published, so long 
since as 1807, in his treatise on Natural Philosophy. This assertion did 
iiot seem to ns well founded. It caused a long and minute discussion. 
Mrs. Toung was present, without appearing to take any part in the con- 
versation ; but we imagined that the weak fear of being designated by 
the ridiculous sobriquet of basbleu rendered the ladies of England very 
reser\-ed in the presence of foreigners, and our want of discernment did 
not strike us till the moment when Mrs. Young quickly quitted her placej 
we then began to attempt excuses to her husband, until we saw her re- 
enter the room carrying under her arm a large quarto volume. This 
was the first volume of the N^atural Philosophy. She place<l it on the 
table, and without saying a word opened it at page 787, and pointed with 
her finger to a diagram in which the cur\'ilinear route of the diflracted 
bands, on which the discussion turned, was theoretically established. 

I trust I shall be pardoned these . little details. Too nnmerous exam- 
ples may almost have habituated the public to consider destitution, in- 
justice, persecution, and misery as the natural wages of those who devote 
their vigils to the development of the human mind. Let us not, then, 
forget to point out the exceptions whenever they present themselves. 
If we wish that youth should give itself up with ardor to intellectual 
labors, let us show them that the gtory attached to great discoveries 
allies itself, sometimes at least, with some degree of tranquillity and 
happiuefis. Let us even withdraw, if it be possible, from the history of 
science so many pages which tarnish its glory. Let us try to persuade 
ourselves that in the dungeons of the inquisitors a friendly voice had 
caused Galileo to hear some of the delightful expressions which posterity 
has kept sacred for his memory; that behind the thick wal^ of the 
Bastile, Freret might yet have learned from' the world of science the 
glorious rank which it bad reserved for him among the men of erudition, 
whom France honors; that before going to die in a hospital, Borelli 
bad found sometimes in the city of Borne a shelter against the inclem- 
ency of the atmosphere, and a little straw on which to lay his head ; 
and, lastly, that the great Kepler bad not experienced the sufferings of 
hunger. 

Note by the Author. — The joarnals having done roe the honor to 
mention sometimes the numerous testimonies of good-will and friend- 
ship which Lord Brougham had shown me in 1S34, as well in Scotland 
as in Paris, a word or two of explanation here seems indispensable. 
The ^loge of Dr. Young was read at a public sitting of the Academy of 
Sciences, November 20, 1832. At this period I had never ha4 any ner- 
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sonal acqaaiutaace with the writer iu the Eiliobargh Beview, and thug 
all charge of ingratitude mast fall to the groond. But could yoo oot, 
some might perhaps say, have Bappressed entirely, when yonr palter was 
going to the press, all that related to so nnfortanate a controversy 1 I 
could have done so, and in fact the idea had occurred to me; but I soon 
renounced it. I know too well the elevated feelings of my illustrions 
friend to fear that he will take ofTeuse at my frankness in regard to 
a question on which I have profound conviction that the great extent ot 
bis genius bas not preserved him from error. The homage which I 
render to the noble diameter of Lord Brougham, in now publishing this 
passage of the dhge of Young without any modification, is, in my miad, 
sufDcieutly sigoificant to render it needless to add a word more. 
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MEMOIR OF ADGUSTE BHAVAIS* 



By M, fiuE De Beaumont, 
Perpetual Scerelary of Ihe tVcnch Jcademi/ of Science*. 



{Trantlaled for Ihc SntitluoMaii IiuHlution bs C. A. Alexander.} 

Oqc of tlio bighcst gifts of the haroan intellect is to lift itself to the 
contemplation of the future ; to enjoy in advance the benefits wiiich it 
prepares for the, after-races of mankind; to feel itself already recom- 
pensed for long and laborious efi'orts by the thought that a measure of 
glory will, some day, encircle a name which is still unknown. 

It is your noble privilege, members of the Academy, to pay this tribute 
of the future ; to discharge by anticipation the debt bequeathed to 
posterity, especially in the case of those whom an untimely death has 
precluded from the ei^joyment of their success; and when a savant, 

firematarely snatched away from his studies, leaves works as yet but 
ittle known, though well worthy of being so, works deprived of the 
brilliant retinue with which he would in good time have surrounded 
them, these are orphans the guardianship of which peculiarly belongs 
to you. Such are the motives which bare determined your a4lminiBtra- 
tive committee to call your attention today to a colleague who, struck 
down in yonr ranks almost at the moment when he had just entered 
them, will leave in several branches of the sciences iiie&ceable traces 
through the labors by which he had earned yonr suffrages. 

Auguste Bravais was bora August 23, 1811, at Aniionay, in the de- 
partment of Ardftche. His paternal family sprang from the neighboring 
town of Saint I'eray, where it had enjoyed for several centuries the con- 
sideration and esteem which have, in all ages, been associated with long 
traditions of honor and loyalty. Ilis father, born in 1764, had completed 
his scientific studies at 3Ionti>ellier, where he had been preparator for 
the chemical courses of Chaptal, and had received the degree of doctor 
of medicine in 1790. Devoted to natural history, he had successively 
solicited permission to take part in the two expeditions sent in 1791 and 
1792 in search of La I*crouse, but had been stopped by different obsta- 
cles, and finally by tlie opposition of his family, alarmed at the first 
symptoms of the Kevolutioii, by which, like so many others, it was se- 
verely tried. When tranquillity reappeared Dr. Bravais established 
himself at Annonay, a small town picturesquely situated at the entrance 
of one of the gorges of the Yivarais, known for its manufactures of 
paper and for having been the country of the celebrated I^lontgolfler. 
Here he was soon recognized as an excellent pnictitioner, and for forty 
years exercised gratuitously the functions of physician of the hospital. 
With his devotion to the sick and to the welfare of his fellow-citizeng 
was always allied in Dr. Bravais an enthusiastic love of botany. He 
andertook a flora of the Cevennes and Alps, and maintained a constant 
correspondence and commerce of exchanges with the most distinguished 
botanists of Paris and Af ODtj>ellier. It was in this way that lie received 
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one day the seeds of tlie Dahlia, a plant then new to Earope, and to him 
is due the introduction of that tine flower into the center of France. 

Dr. Bravais liad become one of the most considerable men of Anno- 
Day, when he est>oiised, early in the century, an estimable member ot 
the ancient and noble family of Thom^, which had given counsellors to 
the iiarliamentn of Paris and Grenoble and a lieutenant general to the 
armies of the King. A tew years saw him surrounded with a family of 
four sous and a daughter, of whom the youngest of the sous was our 
future colleague, Auguste Bravais. Their mother died shortly after the 
birth of her (laughter, and neither »he nor the little Auguste could re- 
member having seen her. Feeling the approach of death, the thoughts 
of Madame Bruvais dwelt chiefly on her vhiUIren, and having long re- 
marked the piety and pure seutiments of one of the female memhers of 
her household, she drew from this person a promise not to quit them. 
Never was confidence better bestowed. The excellent creature remained 
forty years in the house, and from her the two infants yet in the cradle 
received, with the maternal care demanded by their age, those, first im- 
pressions of childhood which are never effaced. The rapid development 
of their intelligence reflected honor on hers. At the age of three years 
Auguste could read, without its being well known how he had learned 
to do so, and there was for him no greater enjoyment than to gather with 
his sister the flowers, the pebbles, the insects of brilliant colors, which 
attracted notice in their rambles ; these were the toys of their childi^ 
years. 

They were soon capable of following the excursions of their elder 
brothers, whom they had seen bringing back every day objects which 
Btimulated their curiosity. When hh occupations permitted, I>r. Bra- 
vais himself conductc<l these explorations. It was a touching tableau, 
that of this young family herborizing, classifying plants,* insects, min- 
erals, under the eye and direction of its head, at once father and pro- 
fessor, whose sonl, profoundly religious, habitually lifted that of the 
youthf\]l naturalists to the Author of creation. His mind, at once a«utfl 
and playfbl, was well <]Halified to render attractive the explanations sug- 
gested to him by the collections of the day, with which he frequently 
mingled classic citations suited to stimulate liis children in their studies; 
for it was his good fortune to have himself received, among the Orato- 
rians, a solid instruction which contributed to the happiness of his life 
and finally conferred consolation on his honored and serene old age. 

The memory of this man of worth is still held in venerntion at An- 
nonay, where more than one of its workmen may even now be Been in- 
stinctively to raise his hat on passing liefore his uninhabited mansion. 
His chddren, while following their different tendencies, preserved the 
impressions of their first education. Auguste manifested in good sea- 
son a turn for observation, and a decided inclination for indulging it. 
When yet a child, he was attentive to atmospheric phenomeniu He 
might have been seen descending of a morning to the terrace, there to 
observe the sky, the wind, the clouds. Still later, when become a little 
more learned, he would establish of an evening his obscrvatorj' on the 
balcony, and ])oint out to the assembled family a thousand phenomena 
which without him would have passed unperceivcd, the eftects of cer 
tain rays of the setting sun ; the moon with the accidents of light which 
environ it ; the rainbows, the haloa, in which be knew not as yet that he 
should one day And a title to celebrity. 

The paternal residence had for its horizon a mountain of moderate 
height, yet sufficient to serve, as we say, for a barometer. It is culled 
the ifocAe de Vent. The clouds heaped themselves around it^,tbe snow 
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left its traces, mists sometimes visited it. It played no iDdifferent pnn 
in tbis ctiildish existenee. Conducted ttutUer by bia fatber and brnlh- 
ers, it became tlie point to whicb his yet narrow observations aud ex- 
peditions were directed, tliougb it required four or five iioura to ascend 
and return. His ambition, however, t^oared much higher when lie aav 
his brothers return from the Pilat, a mountain well known to uatnralists, 
bringing tbence new Howera, unknown iusects, aod heard them describe 
tbe splendors of the sun rising behind Mont Blanc. He was not ten 
years old, and five or six hours were necessary to reach tbe summit. 
Tet, having well pondered hia plans, be departs alone one morning, deter- 
mined that he also wonld sleep ou the mountain top, and collect its 
planis, its stones, its insects. Uia absence excited little inquietude at 
home, for the sagacity with which he was accustomed to explore the 
complicated recesses of the mountains of tbe Vivarais wivs well known ; 
and, iu fact, he returned safely tbe next morning with the olijects 
which he had coveted, having drunk at tbe source of tbe Gier and seen 
the san rise behind Mont Blanc, throwing into magnificent i>erspective . 
the long chain of the Alps. Here we see tlie embryo adventurer des- 
tined one day to climb tbe perilous heights of Mont Utanc itself. 

Habits of meditation early announced the aptness whicb he was to 
exert at a later period in the stdvancement of science. Those who fre- 
quented the paternal mansion remember having often met a child 
apparently absorbed in profound reflection, and who, to the inquiries 
which be excited, would naively answer : I am tkinkinu. And, iniiecd, 
Bo active and fruitful was this habit of thought that at the age of four- 
teen ho bad completed all the classical and literary courses of tbe Col- 
lege of Annonay. His father now thought proper to send him to Paris, 
tlutt he might devote a year to rhetoric and another to philosophy in 
the College of Stanislas. Tbe young Auguste carried thither habits of 
obedience and modesty which did not prevent bim to be an indocile 
pnpil. He pnrs;ied with the utmost exactness the prescribed studies, 
and sacceeded in acquiring that pure, clear, and precise style which 
is the usual index of a good education ; but he did not evince for classi- 
cal studies tbe ardor for which the premiums at the end of the year are 
reserved. His predilections were directed elsewhere. Some books, 
bidden at the bottom of his trunk, had escaped notice. These were 
works on mathematics ; and these he found means of studying at night. 
He solved problems and wrote letters full of intelligence toM. Reynaud, 
the modest and learned professor of tbe College of Annonay, who hud 
already given him lessons in arithmetic and geometry. 

On his return from Paris ho was again phtced under the charge of AI. 
Beynaud, of whom be had become rather tbe friend than pupil, and as he 
had been destined by bis father for the Polytechnic School, a cert^iin in- 
sight into all that is required for admission was aflforded him by the 
professor in the course of a single year. In 1828, therefore, he ventured 
to present himself at Nismes for examination; but his preparation had 
been too rapid, and he was not received. Happily for himself and for 
science, the boundaries of which it was his fortunfe afterwards to extend, 
he Lad fallen into the hands of a discriminative examiner, M. Bourdon, 
who, while verifying the insuGflciency of his studies, recognized tbe 
aptitude of bis genius. This excellent man, to whom many among ns 
besides owe a debt of gratitude, reflected on the future of this youthful 
candidate whom he was obliged to reject, and, with the ingenuous ear- 
oestness which he more than once displayed in behalf of students of 
whom he augured favorably, pleaded with the father of Auguste, aud 
BUQceeded in persnoding him that the career of the ansacceaaful apiriL 
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cant still lay in the polytechnic line. After this Dr. Bravais no longer 
hesitate<l, but aent hia son anew to Paria, where he was placed in the 
institutiou of M. Barbet, then distingnished aa one of the best aem- 
inaries of preparation for the Polytechnic School. 

Auguste Bravaia puraued at the Collef^e of St. Lonia, under M. Delille, 
the course of apecial mathematics. At the end of the year be obtaiued 
at the general competition the first prize of mathematics, and was re- 
ceived at the Polytechnic School aa number two of tbe list. On pass- 
ing into tbe first diviaion, after a yeaHu study, he was classed as first, 
and at his exit made choice, with hia father's approbation, of tbe marine 
service. The sea ! How many opportunities did that name suggest of 
seeing distant shores, of stndying nature in its different aspects, and ot 
continuing, with enlarged knowledge, the studies which had formed the 
delight of a happy childhood. 

He embarked in January, 1833, on board the Finiat^re, which then navi- 
gated the waters of the Mediterrnueaa ; bnt he soon passed to the brig 
Loiret, commanded by &I. B4rard, whom we have since counted among 
the eorreapondenta of our section of geography, and who was at that 
time charge<l with the exploration of the coaata of Algeria. Tbe Loiret, 
on board of which was also M. De Teasan, hydrographical engineer, and 
now our colleaguo, was employed two summers in making the coast sur- 
vey of our African poaseasions, and the work was completctl when the 
veaael re-entered the port of Tonlon, October 25, 1833. The minister of 
marine, with a sagacity which doea honor to hia memory, had composed 
of future academiciana theofBcial staff of avesael cbargeil with a scien- 
tific mission, and the commander, M. B6rard, in hia excellent work, De- 
scription N^auiiqtte des Cotes de CAIg4rie, took occasion to convey to his 
assistants, and expressly to M. Bravais, his warm acknowledgments of 
the important share which they bad borne in the common labor. 

The Loiret was next employed in maintaining the communications be- 
tween Algiers, Bona, and Oran, being armed ou account of the hostile 
disposition of the inhabitants of the shores. In these incessant passages 
from one extremity of the Algerine coast to the other, it was necessary 
to make many different ports, and M. Bravaia, who bad been named lieu- 
tenant in 1834, loat none of these invaluable opportunitiea of satisfying 
bis passion for natural history. A fioraam) fauna, different from those 
of tbe Cevennea, offered a multitude of objects calculated to pique bis 
curiosity. Magnificent collectiona of plants, insects, crnatacea, fish,ter. 
restrial or marine mollusks, rowanled his activity. Of these he made 
ftequent remittances to Annonay, and sometimes carried thither in i>er- 
son the fruits of his researches, for, since leaving the Polytechnic Scliod, 
he invariably passed there all tbe vacations and furloughs he could ob- 
tain. On these occasions of a return to his native place, he never failed 
to revisit bis dear mountains, Pilat and Boche de Vent, and resumed, 
though on a wider scale, the walks and berborizations which had formed 
of old the happiness of the Bravais family. Knapsack on his back, the 
young mariner then made long excursions, accompanied by his brother 
nearest in age to himself, the Abb6 Camille Bravaia, now professor of 
natural history at the College of Annonay, and keeper of the museum 
of that city, composed in great part of his own gifts and those of his 
family. 

But it was with his eldest brother. Dr. Lonis Bravaia, that onr futnro 
colleague devoted himself to the more profound inveatigationa of botany. 
At the beginning of the year 1835, the two brothcra united in present 
ing to the Academy a memoir entitled : Essai giomitrique sur la aymi- 
trie des feaiUes eurvisSri^ et recttsSriSes, (GeometricaJ eaaav on coT' 
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viserial and rectiserial leaves.) This memoir had nothing in common 
wltli the ordinary labors of botan.v relating to the description of species, 
or to Itotinical geography. As littln was it a memoir on vegetable phy- 
siology in the usual acceptation of the word. It was a work of a wholly 
speciid and original character on the relations of symmetry, iireseiited 
by the insertions, at difl'ereut points of the stem, of the leaves ami or- 
gans which spring from it. This subject, although MM. Bnivais had no 
knowledge of tho fact, had shortly iK'fore been the subject of a meaioir 
published by two distinguishe^l botanists, MM. Sehimjwr and Alexander 
Brauu, who had pointed out its importance, and had arrived at some 
very curious results. M. Adolph Brouguiart, however, in the reiwrt 
which he made to the Academy in 1837, pronounced that MM. Louis 
and AugusteBmvais had brought more precision to the study of the 
numerous facts which tliey had collected than had been before exem- 
plitied. The 8ulije<'t, moreover, could not be completely elucidated 
without a profound knowledge of the helix and of the diil'erent spirals 
in which the insertions of the leaves are aligned with so remarkable a 
regidarity, and without a singular dexterity in the management of con- 
tinuous fractions, recurrent series, and other mathematical combinations 
of a delicate nature. Itl. Anguste Brii vais bad employed them, with the 
elegant simplicity which is always the stamp of an accomplished mathe- 
matician, for expressing the relations of imsition of the lca\'es with one 
another, and for arriving in a clear and precise manner at consequences 
which couhl not otherwise be obtained except by long and tedious ten- 
tatives. These deductions have brought to light, in a degree but little 
suspected by many, a regulai'iiy of airangemeut iu the organs of vege- 
tables, which, without being precisely analogous to the laws of crystal- 
logr.tphy, is equally as precise and admirable. 

The brothers still further drew up in common different memoirs on 
botany, and it was not at Paris only that their labors obtained a do- 
served success. They equally attracted the attention of botiinists in 
other parts of Europe, and M.DcCandotlc dedicated to the two authors, 
nnder the name of Bracaisia, a new species of the family of the Bignon- 
iacea;. The objects of natural history which M. Anguste Bravais sent 
from Algeria were also highly appreciated. In 183^ he found on the 
Islaud of Rachgoun a seri>cnt which was new to him, the Amphixbmna 
ciiierea, and which be transmitted to M. De Blainville, who testified his 
surprise at the occurrence of aueh an animal in that country. Other , 
remittances of seeds and living plants, collected in the province of Oraa, 
earned for him letters of thanks from the adunnistration of the Museum 
of Paris, and warm encouragements to complete the herbal of Desfon- 
taines, and to continue his researches in botany during the voyages it 
was hoped lie woubl undertake to other regions. 

The ardor of.the young officer was so much increased by this success 
as sometimes to make hiui forget that he was no longer in the iieace- 
able mountains of the Anlocbe or of Uauphiny; it drjjw uiion him, on 
several occasiotw, the kindly reproaches of his superiors for nishness. 
But these reproaches were changed into fclicitiitious when, August 1'2, 
183G, at the head of thirty-seven marines, he extricated the conimund- 
ant and surgeon of the Luiret, surrounded, during a bunting excursion, 
by tho troops of the Einir. 

Unluckily, he did not arrive iu time to rescue another officer, whom 
the Arabs hml already carried olf. But from the point where he then 
stood M. De France ha<l witnessed the combat, which he describes in his 
interesting account of the prisoners of Abd-el-Kader. " I will not con- 
clude," he says, " without s|>eakiug of the bravery, the coolues^and 
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address of my colleague, AI. Brarais, lieatenaat of the frigate. This 
courageous friend commanded the sailors who flew to our succor; he 
disposed his troop so skillfully, and fell so vigorously on the enemy, 
that he forced them to fly precipitately, and, if conduct and intrepidity 
could have saved me, undoubtedly the conduct and intrepidity of M. 
Bravais would have secured my release." 

The commahdant, being wounded in the arm, could not write, and as 
the first lieutenant was prisoner, the duty of making the report upon 
the fight, in which two sailors had been slain, devolved on M. Bravais, 
In drawing up this paper be avoided, as far as possible, under the im- 
pulse of his habitual modesty, all mention of himself; hence, while llie 
minister of marine bestowed praise upon the Loiret, the author of the 
report received no decoration, as all around him would have wished. 
Tet, in the eyes of those who knew all the details of the afi'air, the un- 
designed omission of the minister reflected more honor on the young 
officer than the star itself of the order would have conferred. Ho re- 
ceived that distinction, however, on another occasion, and for services 
of a wholly diffcient character. 

Nature had largely endowed M. Bravais. With the brilliant officer 
and zealous naturalist there was united in him, acconling to the ex- 
pression of M. Cauchy, assuredly a competent judge in such matters, 
the true geometer. The former student of the College of Stanislas, who, 
in pursuing his course of rhetoric and philosophy, passed the night in 
studying books of ii^atbematics, had resumed, on board the Loiret, anal- 
ogous habits. With the consent of the sui>erior ofiBcers, by wliom he 
was rightly appreciated, his comrades, themselves highly distinguished, 
thougli with a ditterent turn of mind, replaced him on the quartenieck 
when his watch recurred, and M. Bravais shut himself op in his cabin, 
where he spent the night in executing his calculation^ or iu solving 
such problems as presented themselves. It was thus that be made the 
calculations necessary for the reduction of the hydrographic projection 
of tbe coasts of Algeria; and thus, likewise, that he cooiiwsed the math- 
ematical part of the botanical memoir which he published with his 
brother. Thus, too, a career was eventually ©jwued to him of a special 
nature, and such as appealed most directly to his natural proclivities. 

Among other mathematical labors which M. Bravais had executed on 
board the Loiret, ho had com^Kised two memoirs, one on the Methods 
employed in taking bearings under sail, and the other on tbe Uquilibrium 
o/ Jtoating bodies. Having obtained leave of absence from the minister 
of marine, he formed from these memoirs two theses which he sustained 
before the Faculty of Sciences of Lyons, in consequence of which he 
was received as doctor of sciences. These theses attracted just notice, 
and the minister subscribed for several copies of the secon4l for the 
libraries of the ports. In thus acquiring the doctorate of mathematical 
sciences, M. Bravais was conforming to the friendly advice of il. Pois- 
son, who, after conducting his examination at his exit lh>m the Poly- 
technic School, had asked him why he di<l not enter upon the career of 
science. He still followed that advice iu presenting to the Aca^lemy 
several memoirs of analysis and geometry, uimn which MM. Poissou, 
Sturm, and Savary, made favorable reports. 

From this period the minister of marine chose that M. Bravais should 
be released from the clandestine pursuit of science, and assigned him 
service in a mission purely scientific. He attached him to the Scientific 
Commission of tbe North, which was nndor the conduct of M. Gaimard, 
and of which M. Victor Lottin, lieutenant, had for several years formed 
a part. The commission had been inaugurated under meliuicholy cir< 
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cnmstancca. M. De Bloaseville, already celebrated for two important 
scientific voyages, Imil received, ia 1833, the command of the brig La 
liilloise, charged witU tlie superintendence of tbe fisher}' in the seas of 
Iceland, and was nccompanied, as second in command, by M. LePele- 
tier d'Aunay, Both these young oflBcers were animated by an ardent 
zeal for disix)very, and had promised to effect for the advancement of 
science all that was compatible with the objects of their official mission. 
After ft thorough exploration of tbe coasts of Iceland, they determined 
to reconnoiter the east coast of Greenland', which bad been blockaded 
by ice for centnries. On a first attempt they penetrated, July 20, in tUe 
midst of broken ice, to a distance of about twenty-four leagues Irom 
Greenland. They could already take the bearings of the mountains, but 
tbeir vessel, whose construction was not suitable for an e,DterpTise of 
this sort, having undergone great damage from the floating ice, they 
had been constrained to disengage themselves with a view to repairs, 
while decided on making afterward a n^w attempt. There was rea* 
son to suppose that, in fact, they had become a second time entangled 
in the ice toward the end of August. From the 25tli none of the fish- 
ing bi^rks had seen the Lilloise. 

Mnch solicitude had been naturally excited during the ensuing winter 
for the late of the expedition, and in the spring of 1831 a vessel was 
sent in search, whose return without success atforded only new grounds 
for anxiety. In 1835 the attempt, was renewed, and the corvette La 
Keclierche, coromfindc<l by M. Tr^bonnrt, was dispatched on a similar 
mission. M. Oaimard, who six years before bad taken an active part 
in the discovery, on the reefs of Vanikoro, of the remains of La 
P^rouse's expedition, generously proffered his S(!rvices to cooperate ia 
the search for M. i>e Blosaeyille. Desiring at the same time that the 
esploration sbouhl subserve the interests of science as well as of hu- 
manity, he associated with himself several distinguishe<l savants, art- 
ists, and men of letters. Such was the nucleus of the Scientific Com- 
mission of the North. 

All efTorts to discover traces of the missing vessel were fruitless; but 
the scientific coinmissiou having collected in Iceland the elements of a 
magnificent work, the design was embraced of exploring also Spitzber- 
gen and Lapland, and of leaving a i)art of the scientific body to winter 
iu the hitter country, in order to make observations in physics and 
meteorology. It was determined to increase the nnmberof savants who 
composed the commission, and M. Martins, one of our best botiuiists 
and a distinguished meteorologist, was added to it, together with M. 
Bravais and several learned Scandinavians. Instructions were asked 
of tbe Academy of Sciences, and their preparation was confided to a 
special commis-sion, whose i-ecommendations were adopted in the sitting 
of April 23, 1838. 

The Recherche was er|uipped anew, and, under the command of M. 
Fabvre, left the port of Havre June lt(, 1.S3S, beai'ing the greater part 
of the members of the commission and all the material necessary for 
tbeir operations. After touching at Drontheiin, the ancient capital of 
Xorway, where sbo received the Swedish, Norwegian and Danish 
savants designated by thoir res[)cctiv6 governments, and at Llainmer- 
fest, where she landed the stores provided for wintering, the IJecherche 
tnmed her head toward Spitzbergen and moored, July 2.'>, in Hie londs 
of Bell Sounil, on the western coast of that gronp of islands, in TO'' 
30* north latitude. The savants and officers of mariuo immediately 
addressed themselves to their work. Astronomy, physic^, meteorology; 
the movements and temperature of the sea ; the vast glaciers descendii^ 
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from the tops of tbe mountains to the bay ; the geological constitution 
of those naked and declivitous niouut-ains ; the suanty traces of vegeta- 
tion, very difierent from tliat of Algeria, stretched at tlieir foot along 
the beacli, were the subjects of indefatigable study. M. Bravais, habit 
nated from childhood to cliinbiug rocks, was the tirst to reach the sum- 
mit of a peak of difflcult access, on which the commissiou conferred his 
Dame. The officers of the vessel constructed a detailol plan of the 
Bay of Bell Sound, in concert with MM. Lottin and Bravais, who de- 
termined the azimutli of the bay, tbe heigbth of the mouutaius, and the 
decliuation of the magnetic needle. 

But summer is of short duration in those high lati.tiide9. On August 
0, the commandant judged proper to give the signal of departure, and 
the Recherche again came to anchor, ou the 12th, in the port of Uam- 
mertest. Careful obser\'ations of the teinjierature of the wati-rs of the 
sea at difltirent depths were made during the passage by MM. Bravais 
and Martins, the former of whom, with Fi'ofeasor Siljestrom, Swedish 
physicist, Professor Lillicliuuk, Norwegian physicist and astronomer, 
and M. Bevalct, draughtsman, lauded at XIaiumerfcst to winter in Lap- 
land. The cor\-ette returned to Brest. 

The cliiimte of the western coasts of Norway and of the coasts of 
Lapland is of a remarkable mildness In comparison with that of other 
points of the globe situated iu the same latitude. The tepid waters of 
the Gulf of Me.^ieo, borne by the ocean current, known as the Gulf 
Stream, diffuse a perpetual warmth and produce there a wholly ex- 
ceptional temperature. From this it results that the deep arms of the 
sea which, under the name of Jiords, [lenetrate these singularly indented 
coasts, are scarcely ever obstructed by ice. Navigation, instead of being 
suspended for several months, as in the White Sea and the Baltic, is 
there genornlly open; and this circumstance gives to the capacious and 
excellent ports of the fiords of Lapland a certain strategic iniiiortaiice, 
calculated to enhance the scientific iutercst which the exceptional cli- 
mate would of itself iu spire. But from its c<mii>aratively high tempera- 
ture tbe northern |>art of the Atlantic Ocean is euveloiied, <luring win- 
ter, iu almost [termanent fogs, whose density is sufficient to shut out a 
view of the heavens. Tbe port of llammertest being too near tlie sea 
and exposed to this disadvantage, onr ])liysicists chose 1'or their winter 
station the village of Bossekop, situated on a narrow shelf at the ex- 
treme point of the Altenfiord. an arm of the sea which penetrates the 
land to the distance of seventy kilometres, whence it results that the 
climate is there colder and the sky more frequently clear than ou the 
shores of the ocean. At this place tbe four physicists established, Sep- 
tember 1, tbe numerous instruments, telesco))es, thco<lolites, ^ligantic 
comjiassps, barometers, thermometers, actinometera, i»yrheliomcter«, &c, 
which bad been landed from the corvette. These iustrumeuts Lad been 
coustmeted at Paris by the best artists and on the most perfeirt models. 
A small womleu structure, which might be taken down and rebuilt else- 
where, formwl the astronomical observatory, while five other cabins 
served as meteorologieal and magnetical observatories. &c. 

Bossekop is situated in (i'J° 58' north latitude, and is therefore 3° 2^ 
beyontl the polar circle. The snn does not rise there exery dny iu the 
year, and on that of the winter solstice, at noon, its center is 3° I'D' be- 
low the horizon. After the middle of Noveml>er its disk is no longer 
seen entire, the lower part is lost to sight, and the luminary is wholly 
invisible after the ITth of that month. For some time n cre]msculiir 
light illumines, toward mid-day, the southern arc of tbe horizuu, but 
toward the 21st of December even this glimmer vanishes. It reap 
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pears in the beginning of January and increases by decrees. Finally, on 
the 3lst of Jaiinary, tlic solar disk begins again to show itself. It pro- 
jects a first ray, which is hailed by tlie universal acclamations of the 
impulatioii stationed at windows or on eminences to salute the benefi- 
cent oi'b, whose priceless value is better felt after such an absence. On 
that day all labor is suspended, felicitations are exchanged, dances ex- 
press the common joy, pledges are drunk to the rcsuri-ectiou of the sun j 
it is the time also for settling the bets which have been made on the 
rate of watches which, not having been regulated for two and a half 
months, arc liable to have become deranged. The sun, aft«r this, rises 
every day, at first for a few niinutcH only; bnt the days gradually 
leugtlieu ; at the equinox they are equal to the nights ; then the nights 
grow shorter, and finally extinct; the sun ceases to set, and a continued 
day of neiirly three months forms the compensation for the long night 
of winter. 

Tiic perpetual day of the polar summer has never wanted witnesses ; 
but it needed tlio resolution inspired by an anient love of science to 
await at Bossekop the festival of the resurrection of the sun. More 
resolution still was needed to undertake the labors which the commis- 
sion was charged with executing at that point. Notwithstanding the 
relative moderation of the climate, the thermometer often descends at 
Bossekop, not, indeed, to4l) or 50 degrees centigrade below zero. as. in 
the north of Asia and America, but, according to the observations of 
the commission, to iiO°or2jO; nor is the depression restricted, as in 
our climates, to the last hours of the night. Here the night docs not 
terminate, and the diurnal variation of the temperature, evidently inde- 
pendent of the action of the sun, the maximum occurring at 11 o'clock 
in the morningand the minimum at 6 o'clock in the evening, does not 
exceed on a mean the tenth of a degree. The wind which at Bossekop 
is least cold is that of the north, under the influence of the Northern 
Ocean ; while the coldest is that from the south, which bears the frozen 
air of the Scandinavian Alps. The temperature of the air is at its 
minimum at the surface of the ground. It rises graxlually by some de- 
grees to a height of about one hundnnl metres, and afterward dimin- 
ishes agreeably to the usual law. Alt the elements of the climate were 
collected by our physicists through observations made uninterruptedly 
at intervals of two hours, and sometimes hourly, on the barometer, the 
thermometer, the direction of the wind, the state of the sky, the tem- 
perature of the earth at its surface, the magnetic appanitus, &g. All 
these determinations, inscribed on registers kept constantly and with 
perfect order, have been published in the great work of the Scientific 
Commission of the North. 

The two marines and two professors divided between them the labor 
and the watciung, the latter being observed with as much regularity as 
on board a man-of-war; but if an aurora horealis pres»!nted an extra- 
ordinary brilliancy there was a general turnout; every one was at his 
post. Some drops of eoftbe, seasonably taken, dis|)elled the importunate 
somnolence of the Lapland night. Of the obsf^rvers, while a portion 
noted every five minutes the {wsitions assumed by the magnetic needle 
under the disturbing inllueuce of the auroni, others, in the open air, 
recorded, watch in hand, the difi'erent phases of the phenomenon and 
measuretl the altitudes above the horizon. The adjusting screws of 
their instruiuents often became so cold that it was necessary to cover 
them with cloth, without which precaution their fingers would have ad- 
hered to the brass through the "sudden congelation of the humidity of 
the skin. r' i 
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ludepenflently of tbe detailed journal of observations of tbe aurortis, 
printed io the work already referred to, and tbe splendid plates of tbe 
physical atloa, wbicb represent tbe most remarkable appearances ob- 
served by tbe four physicists, M. Bravais haa inserted in tbe same pub- 
lication a Mimoire sur Us aurores bor^lea, cited by competent judges ns 
more jirecise than anythin;; heretofore written on tbe subject. The fol- 
lowing rapid summary of the contents of this essay may not be nitliont 
interest. 

When tbe first doubtful gleams of an aurora begin to diffuse tbem- 
selves in tbe sky, there is first perceived at tbe horizon, a little to tbe 
west of north, a dark segment, which, according t» the verj- probable 
conjectures of M. Bravais, is nothing else than tbe compact mass of 
fogs with which the temperate waters of the Polar Sea arc almost con- 
stantly covered. Above the dark segment gleams of light like those of 
a conflagration soon make their appearance, simply resulting, jieihaps, 
from the still distant glow of the aurora reflected on the surface of the 
marine vapors. Some time afterward a luminous arc is traced above 
the segment, its two extremities resting on the horizon, and its culmi- 
nating |)oiut, which divides it into two equal and symmetrical parts, 
being situated most frequently in the neighborhood of the magnetic 
meridian. On an average it tails n little to tbe west of that meridian, 
fi-om which it progressively diverges as it becomes more remote from 
the northern edge of the horizon, especially when, having passed the 
zenitbj it approaches the sontheni lionzon, from which in certain cases 
it is distant bnt a few degrees. Sometimes several ditt<ercnt arcs show 
themselves at the same time; very often there are two, more rarely three, 
but as many as nine have been counted at one time. Their breadth, 
which at a mean is from seven to eight degrees, occasionally exceeds 
twenty-flve degrees, particularly in the culminant part when it passes near 
the zenith. Through a combination of measurements this last remark 
has led to the conclusion that the arcs of tbe aurora boreulis are Hat- 
teued parallel to the surface of the earth, and thus one of the means 
proper lor furnishing tbe measure of the height at which these area are 
sitnated above the surface was suggested to M. Bravais. 

Tbe height in question had long before occupied attention, and it had 
vith reason been thought that it might be calculated from tbe i>andlax 
resulting from two observations of the same arc, made simulraneonsly 
by two observers jtlaced at a knowu distance. With a view to this 
means of determination M. Bravais passed tliirteen days of J;inuary 
1838 at Jupvig, situated fifteen kilometres to ttie north of Bossekop, in ' 
order to observe the auroras from that point, while his colleagues ob- 
served them at tbe same instants of time from their usual station. Tbe 
forms of a great number of arcs, and especially those of the most regu- 
Itu* arcs, were taken with mncb care by the commission, and M. Bravais, 
by discussing them, through means of elegant geometric co;ist ructions 
and trigonometrical formulas skillfully reduced to the greatest simpb- 
city, has shown that all these arcs, conformably witli the hypothesis of 
our distinguished correspondent, M. Uansteen, of Cbril^tiania, may be 
considered as the perspectives of cinmlar rings, having their center on 
tbe terrestrial radius directed toward the nmgnetic pole, and their plane 
perj)endicular to that radius. His formulas have given liim, fur each 
case, tbe elevation of the ring above the surface of tbe earth, and this 
means of measurement, combined with the two others already indicated, 
have led him to the conclusion that the ares of the aurora borcalis are 
situated at an altitude of one hundred to two hundred kilometres, in 
the region where tbe shooting stars and bolides become incandescent 
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and laminons, thnt is to Bay, towiu-d the extreme limita of the terres- 
trial atmosplieie, the extent of which had loug l>eeD supposed to be less 
considerable. 

The color of the arcs is nsaally of a aniform yellowish white. They 
are of snfficient trausparence to allow the stars to be seen throagh 
them, and while the radiance of the most brilliunt arcs equals that of 
stars of the first magnitude, the greater number are only compjirable to 
those of the second, thini, and fourth. The position of ea^h arc does 
not remain invariable during' its whole duration; on the contrary, it 
varies with much rapidity, so as to compel the observer to operate with 
great qiiickneSH, if he would give to the different parts of the same arc 
positions exactly corresponding as regards one another. In their move- 
ments the arcs sometimes approach the zenith and sometimes withdraw 
firam it, whether toward the north or toward the sonth. Their edge 
nearest to tlio horizon is usually the best defined. They have nut always 
regular forms ; we see them assume a thousand fantastic configurations, 
snch as that of an undulatiug scarf, or even of a crook. They some- 
times show, especially towanl the end, a tendency to become decomposed 
into shoi't rays in a direction conformable to the width of the arc. 

After the arcs, at a rath«r more advanced hour, appear the ntys prop- 
erly so called, wliich form the second ty]>e to which the gleams of the 
aurora borealis may be referred. The rays are luminous columns of 
much greater length than breadth, the prolongation of which ou high 
would terminate at the magnetic zenith, the point of apparent concourse 
of all the lines parallel to the needle of inclination, and situated, at 
Bossekop, only 13° toward the south of the astronomical zenith. The 
brilliancy of the rays is variable like that of the arcs, and generally 

.more vivid. They are susceptible of two movements; one in virtue of 
which tbe ray prolongs itself toward the zenith or toward the horizon, 
the other by which it is displaced laterally and parallel to itsel£ These 
movements are sometimes of an excessive rapidity, and it is not rare to 
see the rays dart their light, with a vibratory movement, toward the 
zenith, anrl still more fre<]uently toward the horizon, with extreme viva- 
city. When these movements are alternate, the ray seems to gambol 
or dance ; hence, the caprm saltante* of old authors, the marionnettea of 
the inhabitants of N^ewfoundland, the merry daiicera of England. In 
general the more rapid the movements the more brilliant become the 
rays. The color of these is usually white or pale yellow, sometimes of a 
reddish hue. When the vibratory movements of the rays become very 

' precipitate, the brilliant yellow tint is concentrated in their middle part 
and the opposite extremities take the color of violet-red and greeuj the 
red always showing itself on the side to which the ray darts its light. 
Occasionally the raya unite with one another at the magnetic zenith to 
form a crown either complete or incomplete ; and when, in executing 
this movement, they lose their usual yellowish tint and glow with an 
iutenser luster, passing into red and green, the crown presents the great- 
est degree of magnittceDce which the aurora is capable of displaying. 
At certain moments the vibratory movements by which the rays are 
animated change into a sort of general palpitation in which all the 
gleams of the aurora are confounded, the arcs as well as rays. It is 
the announcement of a diminution more or less proximate of this splen- 
did meteor. 

The refulgence of the anrora borealis might seem to have been given 
to the |M>lar regions as a compensation for the absence of the sun ; for 
these arctic lights, barely visible two or three times a year on the hori- 
zon of Paris, Ulnmine almost every evening the latitudes fipm which 
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the atar of day is withdrawn. They are no longer observed there dur- 
ing the unJDterrapted day of suminer; it is at the end of August, and 
especially at tbe period of the autumnal equinox, that their number is 
muttiplied in Lapland, and tlieir frequency diminishes at the vernal 
equinox, and still more toward the end of April. Duriag this interval 
of more than six months very few uigbts are destitute of tlie auroral 
display. 

The upparitioD of the auroras is therefore subject U> tbe course of the 
seasons, and it is not less remarkable that even duriug the hibernal 
nigbt the hours of their commencement and of their different phases 
maintain a constiint relation to the hour of the passage at the meridian 
of the son, which has become invisible. Their a])i>earance always tiikes 
place during the hours which corresimud to the night of our temjterate 
zones. It is generally between ten and eleven in the eveuing that they 
assume the effulgent colors by which some of them are distinguished, 
and, in all, their greatest brilliancy corresponds to the same i>eriod of 
the nieht The meteor usually disiipiiears toward morning. 

M. Bravais states that by th»! light of a brilliant aurora he could read 
a jtage printed in small type almost as easily as by the light of the full 
moon. When tbe sun no longer rises, the moon, which at its full is in 
opposition with the sun, is seen almost constantly on the horizon, and 
the double effulgence of that planet and of tbe aurora greatly dimin- 
ishes the obscurity of tlie polar night Irregular as are these lights, 
they suffice to enable tbe Lapps, tbe Samoieds, and the Esquimaux to 
traverse in sleds the limitless snows which cover their country ; and 
when the absence of the sun would tend to dull their minds, the fantns- 
tic images presented by a fitful illumination serve to arouse their imag- 
ination and afford a pabulum on which it is marvellously exercised. 

Ko twit h Stan ding the movements with whicU the arcs and rays of tbe 
aurora are endowed, it is evident that they follow the movement of ro- 
tation of the earth. The aurora bore^ilis is therefore an atmospheric 
and not a cosmical phenomenon. Canton, M. Becquerel, and other phy- 
sicists, have pointed out the resemblance which exists between the rio- 
let-red tints of this meteor and those which electricity displays when 
moving in a vacuum. This circumstance, added to the action of the 
aurora on the magnetic needle, has led physicists to class it among elec- 
tric phenomena. At. Bravais gives his adhesion to this oiiiniou, the 
veriHciitiou of which has been recently corroborated by a remarkable 
experiment of our distinguished colleague, M. De La Eive. 

After a sojourn of seven months the commission quitted Bossekop, 
AprU 1839, and returned to Uammerfest in order to execute sundry 
labors and await the corvette which was to convey them a second time 
to Spitzbergen. Vegetation was renewing and developing itself with 
that astonishing rapidity which, from tbe commencement of May, an 
almost continual day gives to it iu Lapland. M. Bravais conid not resist 
his passion for herborizing, but unfortunately, in attempting to gather 
a plaut springing from tbe crevice of a rock, he sustained a violent full 
and fractured a knee, so that when the corvette bore off bis companions 
he found himself under the necessity of remaining at Uammerfest until 
tbe end of the polar summer should bring back the other members of 
tbe commission. Far IVom being discouraged, however, by so vexatious 
a mishap, he continued ttie series of meteorological and magnetic obser- 
vations, and as soon as the injury permitted him to walk, labored ut the 
completion of two memoirs commenced during his stay at Bos.sekop, 
one on the tides, and tbe other on the lines of the ancient level of tbe sea. 

A sojourn of more than a year had enabled him to uerfect his obser- 
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vation of the tides, and having afterward collated bia ova measure- 
ments Tvith those executed at Iteilciavik, in Iceland, and Bell Sound, in 
Spitzbergen, by MM. Lottiu aa<l Laroehc-PoDci^, and submitted the 
wholu to a thorough discussion, ho determined the anttfi of height of 
tide ill several ports of the North Atlantic Ocean. He also calculated 
for those coasts the value of tlie semi-diurnal tide and that of the diur- 
nal tide for both the buu and moon. He was struck with the relative 
importance which the diurnal tide there assumes, and this circumstance, 
compared with the analogous fact alreaily observed in the Sea of l^amt- 
chatka, ted him to infer that the tides of the Atlantic and Pacific 
mutually influence one another through the Straits of Bohriug. 

The banks of the Altenfiord, in the environs of Bossekop and Ham- 
merfest, as well as at many intermediate localities, present terraces 
having almost horizontal surfaces, whose regularity rec^Is the construc- 
tions of fortification, though there is nothing artificial about them. Each 
of these terminates at the foot of the rocks in aline miirked by erosions 
similar to those which the sea produces on its present beach. In each 
terrace is easily recognized an ancient marine coast, on which the sea 
has beat«n for a long time at a well-defined height. At some points 
several of these are to be seen, one above the other. M. Bravtiis occu- 
pied himself in a determination of the actual elevation of all these 
traces of the ancient level of the sea, and hero botany ha's^ furnished 
him a useful resource. A marine plant, the Facun vesiculoaus, widely 
dispersed on those coasts, grows upon the rocks only at a certain dis- 
tance beneath the mean surface of the sea, and forms a yellowish zone, 
of which the upper limit is well marked and perfectly horizontal. This 
line supplied the plane to which M. Bravais referred, by precise level- 
iugs, the ancient marks of erosion hy the se^a ; and he thus recognized 
that nil these traces of its ancient altitude form five series, more or less 
distinct, two of which especially are perfectly unbroken ; that these 
last are slightly inclined from the interior of the continent toward the 
ocean, and that one of them in particular presents two parts of which 
the inclinations are diSerent. From this we are authorized to conclude 
that these terraces and the ground which supports them ba^e been 
lifted above the level of the sea ; for, if it were the sea which had sub- 
sided, each of the two series of terraces would have been perfectly hori- 
zontal. The mobility of the solid crust of our globe is thereby fully 
demonstrated. It might be said that the expression, firm as a rock, if 
taken in too absolute a sense, embodies an illusion, and that there is 
nothing more unstable in the world than the mean level of the sea. 

M. Bravais was occupied with these subjects till the moment when 
the corvette, returning from Spitzbergen, again arrived at Hammerfest. 
The members of the commission then separated for the lai^t time, in 
order to return to their respective countries by different routes. M. Bra- 
vais associated himself with M. Martins to return by land, and, still 
herborizing, traversed, barometer in hand, the plateau of Lapland, 
where the two travelers determined with precision the altitudes of the 
upper and lower Umits of the diflerent zones of vegetation. In this 
way they completed, not the Atlantic flora of Desfontaines, as M. Bra- 
vais had seemed destined tn do, but the admirable labors in botanical 
geography of Leopold von Bach and the celebrated flora of Wahlem- 
berg. 

In the vast forests of Sweden, MM. Martins and Bravais had many- 
opportunities of observing the PiniM aileeatris, (Scotch flr,) of which 
those forests are in great part composed, and published at their return 
a memoii on the growth of that tree, a work which had been recom< 
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mended by M. De Caodolle, and whicli comprises a matlietnatical for- 
mula for .TiTiviDg at cbe probable age of ii &r-tree whose diameter is 
known. At Stoukbolni they carefully compared their meteorological 
iustrumeiits, and particularly their barometers, with those that were 
emi)loyed for quotidian meteorological observations. This comparison 
was repeated in all tlie capitals and great cities through which they 
passed in returning to France, and their instruments having been com- 
pared before their departure, as they were at their return, with those ot 
the Observatory of Paris, a means was thus created of reducing to en- 
tire harmony, and of referring in some sort to the same diapason, the nie- 
teurologi^l observations which are prosecuted in a large part of Europe. 

Haviug returned to Paris in January 1840, they addressed to M. 
Ara^o a detailed letter on the labors of the Commission of the North, 
whieh was inserted in the Comptes-Bendns of the Academy. Their efforts 
were justly appreciated and welleanie*! rewards conferred on them, M. 
Bnivais receiving on his part the decoration of the Legion of Honor, 
and authority tu wear that of the Swedish Order of the i^word. In his 
capsicity of marine officer he was charged by the minister with the duty 
of collecting, jointly with M. Lottin. all the observations on genen^l 
physics made by the commission, and superintending tho publication. 
He was ])ermitted at the same time to occupy a chair in one of the fac- 
ulties of science, then lately created in different cities of France, nnd 
was mimed i»rofessor of mathematics applied to astronomy in that of 
Lyons, of which faculty M, Taliereau, his future brother-in-law, the dis- 
tinguished ft>under of the school of La MartiniSre, was dean. Among 
the observations made by M. Bravais at tlie Observatory of Lyons 
many would deserve to be cited, particularly one on a mngniflcent ap- 
pearance of the zodiacal light in the month of February lHi2. The re- 
searches incident to-a preparation for his new functions led also to the 
composition of an important memoir on the movement of translation ot 
the suD, which he addressed to the Academy of Sciences, in 11^3. From 
the profuunder theorems of mechanics on the mutual attractions of the 
stars and the sua, he here establishes that the pro[ier movement of oar 
total system is towards the star ■g of the constellation Hercules. 

Elected, on his arrival, a member of the Academy of Lyons, il. Bravais 
bore, with his father and two of his brothers, a very active part in the 
labors of the scientific congress assembled in that city, and laid before 
it in detail various important considerations on the meteorology of the 
Bonth of France. He also contributed efficiently, with MM. Lortet and 
Fournet, to the establishment of the Hydrometrie Society of Lyons, 
widely known for its important and useful labors. With these occupa- 
tions was united an assiduous co-operation in the production of a work 
entitled Patria, which he edited during the three years of his residence 
at Lynns, in conjunction with MM. Lalanne, Le Pileur, and Martins. 
This work, undertaken with a view to utility, presents, in a condensed 
and portiihle form, a miniature encyclopedia of everything relating; to 
Fnuiee which it is most desirable to have for immediate reference. The 
articles in this collection on geography, physics of the soil, as well as 
many others compiled by M. Bravais, must always be regarded as nioilels 
of conciseness and lucidity. 

But Lyons is not remote from Switzerliuid and Savoy; the sight of 
the summits of the Alps, those old friends of his childhood, the sight of 
the eternal snows, which recalled tohim Spitsbergen and Lapland, uattily 
awakened in M. Bravais his instincts as a traveler. In 1841, after the 
dose of his first course, he nndertook a journey into Switzerland, and 
in order to render it subservient to the continuatioD of b}a mebeorologi- 
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cal labors, he established himself on the Faalhorn, in compaay with his 
elder brother, M. Louis Bravais, and his friend Af. Martina. 

The Fnulhorn is an isolat«d mouutaii), elevated 2,080 metres above 
the sea and ]»!aced like a belviderc in face of the highest mouutatns of 
the canton of Berne, the Eiger, the Munch, the Juugfraa. Every Bnm- 
mer thousands of tourists ascend thia {leak, in order to enjoy the mag- 
nidccut view of the snows and glaciers of the Obcrland. The inn estab- 
lished to receive them became the meteorological station of MM. Martins 
and Bmvais. They re-established there the Observatory ol'Bossokop. 
and from the 17th of July to the 5th of August made a series of obser- 
vations similar to those of Lapland, saving the absence of the aurora 
borealis. Xor was natural history forgotten ; familiar with mountains 
and with (he application of physics to the geography of plants, the re- 
searches of our savants were rewarded by an ample harvest gathered on 
the acclivities and in the environs of tlie Fanlhom. Experiments in 
physics also, of high interest, were instituted by MM. Bravais and Mar- 
tins. M. Dumas, our distinguished colleague, had caused to be pre- 
pared at Paris several glass balloons provided with taps, in which as 
completer vacuum as possible had been established. These balloons 
were fille<l with the air which enveloped the summit of the mountain, 
then closed with the greatest cai-e, and sent back to M. Duma^ Analy- 
sis showed that the air inclosed in these balloons contained the same 
proportions of oxygen and nitrogen with the air taken at Paris ; whence 
it resulted that, contrary to the opinion formerly entertained by Dalton, 
but controverted by Gay-Lussac and Ilumboldt, the constituent pro- 
portions of the air do not vary with the heiglit. M. Bnvvais devoted 
the evenings, when the sky was sufliciently clear, to the study of cre- 
puscular plieuomeiia. His observations, united with those of other nie- 
* teorolot^sts and submitted to calculation, furnished him a new measure 
of the height of the atmosphere, equal at least to one hundreil kilo- 
metres, a result quite approximate to that which had beengivenbim by 
the auroras of Bossekop. 

In 1842 the meeting at the Fanlhorn wns repeated, and the same series 
of meteorological observations were continued, but Mitl. Bravais aud 
Martins applied themselves moreover to researches in physics of a new 
order. M. Peltier, one of our most distingnished and most exact phy- 
sicists, snatched away too soon from science, joined them on this occasion 
and united with M. Bravais in measuring the temperature of ebullition 
of water under different barometric pressures. The object of these 
studies was to perfect the tables which serve to determine the elevation 
above the sea, from the degree of the thermometer at which water enters 
into ebullition, a method of less inconvenient application than the baro- 
metric method. 

MJI, Bravais and Martina, aided by M. Cnmille Bravais, who now 
replaced the elder brother, made also important exjierimcnts on the 
propagation of sound. Mortars were llrcd on the Fanlhorn and on the 
shore of the Lake of Brienz, 2,041 metres lower down, the Ihish being 
visible and the rei>ort heard from each station at the other. The per- 
ception of the light might be regarded as instantaneous, and by measur- 
ing with a seconds watch the retjirdatiou of tlie sound, the velocity of 
its propagation was determined. It was thus found that, for <lry air, 
at the temperature of melting ice, the velocity of the pi-opagation of 
Bound, whether ascending or descending, is .'U2 metres 4 centimetres 
I>er second. This result accords with that of the celebrated exi>erimeats 
made between Vill^oif aud Montlb^ry, when sound was propagated 
horizontally. 
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Iq 1843 M.Bravaia made no excursion; it waaforhim a year of mourn- 
ing. Ilia eMi'st brother, M. Louis Bravais, biij coadjutor iu the memoir 
on the Hymuicti'iual armngement of leaves, died at the commeiicemeut 
of summer, alter six months of suffering, borne with Cliristian resigna- 
tion, in the midst of which he occupied himself, to his last day, with 
researches in hotany. Tliis painful separation slackened but transiently 
the labors of M. Auguste Bravais. He speedily returned to them ^ith 
his accustomed ardor, and the year following entered upon a new ex- 
pedition, the last and perhaps the most remarkable of those n-iiich it 
was given Idiu to accomplish. 

The supposition is not improbable that two of our distinguished per- 
petual secretaries, always pleased at meeting one another on neutrai 
ground, had, aln)ut that time, exchanged some words on the subject of 
M. Bravais. H. Arago had, from the tribune of the Chamlwr of Depu- 
ties, ciUid him as one of the officers who, by their knowledge, reflected 
most honor on our marine, even comparing him, iu his extemporization, 
with the geometers of antiquity. M. Villemain, then minister of public 
Instniction, eidightened also by our learned colleague M. Pouillct, had 
the merit of nomprehending the expediency of an adventure which 
would crown, by the ascent of Mont Blanc, the previous labors of M. 
Bravais, and drew upon the budget of his departmeut for tiie exiwnses 
of this ditfionlt enteqirise. 

De Siinssure was the first physicist who had made the ascent of Mont 
Blanc; M. Bravais was the second. He shared this distinction with his 
friend M. Oh. Martins, and with Dr. Pileur, his collaborator iu editing 
the Patriae 

It was with no little interest that learned Europe had heard that M. 
De Sajifisnre, ain'ady celebrated for his travels in the Alps, had suc- 
ceeded In carrying his barometer to the summit of Mont Blanc, and had 
fixed the height of the mouutain at %4S0 toises. He had made at the 
same time several experiments in physics, which have never ceased to 
hold an honorable phice in all ti'eatises on meteorology. But physics 
had made great progress in the space of lifty-seven years; it had be- 
come time to renew the experiments of De Saussure, and to add new 
ones, of which no idea could exist in his time. Such was the path which 
the enlightened liberality of M. Villemain now opened to the hardihood 
and skill of the three modern physicists. 

Having left Paris, July 10, 1814, with a complete series of instruments 
of better construction than liad ever before been employed in a work of 
this nature, the travelers stopped at Geneva in order to compare them 
with those which are there daily employed, with a care and dexterity 
worthy of the country of De Saussure, and arrived at Ohamouni, where, 
in 1787, this laHt-named savant had been obliged to wait four weeks for 
weather propitious to his undertaking. M. Bravais and his companions 
were scarcely more favored. A first and second attempt failed from 
atmospheric accidents, which were not unattended with danger, but at 
length they arrived, August 28, for the thinl time at a wide platean of 
snow, 88U metres below the summit of the mountain, where their instru- 
ments had been permanently fixed for three weeks, ander shelter of a 
small tent. The night passed cold and calm, and next day, the obser- 
vations of the moniing being completed, the adventurers proceeded, at 
ten o'clock, to climb to the top of Mout Blanc. This was ivached, with- 
out any extraordinary difflcntties, at forty-five minutes after one o'clock. 
The wind was blowing with great foree from the northwest ; the ther- 
mometer marked 7° below zero. The sun shone brightly, but vapors 
veiled the more remote parts of the vast horizon, whicli extends fh>ia 
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the Cote d'Or to the moiiritains of Li^iria. The circunijiicent mountains, 
ou the ('ontrary, were seeu with great (UstiiietDess. After thi-owiiijf a 
glaiiee on this miignifieent i)niiorama, MM. Bravais, Martins, and Le 
Pileur hnsteued to arrange their intitruinents — barometer, tbennoiucter, 
hygrometer, jtsychronieter, i)yrheIiometer, nctiiiometer,_ eouipa»a; tho 
instrument for meamirtng the liorizoutal magnetic intensity; another 
for uieasming tlie iueliuatioii of the magnetite needle ; another for nieasnr- 
iiig the temperature of ebullitiou of water; instmmeuts for observing 
the tints of the sky and transparenee of the atinns|iUeri',&e., another for 
measmiiig the eleetriu intensity. The geiuiw of i*e Saussm-e had aug' 
gest*'d a i>art of the same experiments, bnt his extemporized iiistrumoiits 
were less complicated than those of to-dfiy, whose i>recision is paid lor 
by the minute pree^utiona which their mamtgement exacts. 

Dnrinc the five hours passed on the summit of Mont lilanc, onr three 
physicists liad time to derive Irom their instruments all they were ca- 
llable of yiehling, and to coUettt ii series of measurements wlii<;h left 
little to desii-e. At tlie approach of evening, the principal experimcuts 
iu physics having been nearly terminate*), M. Hravais established the 
theodolite, and, assisted by M. Le Pileur, who wrote the angles at his 
dictation, commencfnl a survey of the honzon, measuring the angle of 
depression of each of the mountains which tbrmed it, nnd the azimuth 
which expressed the dii'eetion in which it was seen. This circuit of the 
honzon of Mont Blanc, which had never before been made, {for I3e 
Saussure had contined himself to general remarks,) will remain a valua- 
ble monument for geo<)esy and geology. The work was almost f)nishe<l, 
nnd iiotUiiig remained to he taken but the least interesting parts of the 
panorama, when the in-ocesswas interrupted by a phenninenon which 
eijually surprised the eight persons (guides and travelers) then assembled 
on Mont Blanc, because, in none of the ascents previously made, had 
any one ventui-ed to i-emain there till the setting of the snn. 

" At forty minutes after six," says M. Bnvvaia, in the little work which 
contains bis tour (Phorizon, "the sun apuntacliing the moment of its 
tlisap]>earaiic«, we cast our eyes on the side opposite to tlm luminary, 
and s;iw, not without wonder, the shadow of Mont Blane projected on 
the snow-covered mountains in the eastern part of our panorama. I 
took the summit of that shadow with the thedolite, and obtained the 
dejiressiou of — 1°. A minute afterwards it was — 0° -tS', ascending 
in pn>p(U'tiou as the sun declined. We still ivmained some ten minutes 
occupied in packing our Iraggage, and nither anxious to descend on ac- 
count of the shortness of twilight on high mountains. » • • i have 
ilelincated in the iiaimrama the form then presented by the shadow of 
l^lont ISIiinc. It rose gradually into the atmosphere, as though this were 
a canvass on which it wasjnst imrtraying itself. The seiuirationof the 
shadow and the light was strongly dclinetl in its outlines, and it thus 
continued to ascend, rising above the monntnuis of the Valley of Aosta, 
until it attained the height of 1°, still remauting perfectly visible. Hie 
air above the cone of shadow was of that rose-purple tint which, in line 
sunsets, is seen to color the western sky, while the border of this tint, 
along the line of sepanition, )>rc8ented a more intense hue of red, con- 
tributing greatly to enhance the splendor of the phenomenon. 

■' Ijet the mountains of the great Valley of Aosta be now conceived 
as also sinioltaneciusly pn>jectin^ their shadows into the atmosphere; 
the outline of their mighty spires distinctly visible; dark, or rather 
■'lintly green Iwlow, but sonrhig up into that espaiise of rose-colored 

'*t from which they were separated by a band of deeper hue; to this 
.dded the precision of the cones of shadow, and especially of the 
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ontline of their crests, and, finally, the effect of the laws of perspective, 
causiDg all tliese hues to converge toward one another and toward the 
reflect*Hl smnmit of Mont Blanc, where our own shadows might also be 
supposed to find a place ; still hnt au incomplete idea can be formed of 
the srandeur of the meteorolopical phenomenon which, for those tew in- 
stants, displayed itself before as. It might seem as if some invisible 
being, seated on a throne edged with fire, received the homage of bright- 
winged angels who, on their knees, bent in adomtton toward him. 

"At the view of so much msigniticeuee, our amis and those of our 
guides remained inactive, and cries of enthusiasm bnrst from our lips. 
I have seen the splendid auroras of the north, with their zeriitb-crowns 
of variegated and moveable columns, not to be oqunlied in ettect by the 
richest displays of pyrotechuy ; but the siglit of the shadow of Mont 
Blanc on the sky aiijiears to me more august by far. After indulging 
for ten minutes in the contemplation of this sjH'ctacle, we were forced 
again to think of returning. Fortunately, the full moon, rising briglitly 
above the eastern horizon, sufficed for that stage of our joarney which 
conducted us again to our tent, \yherc we arrive<l after titty minutes 
of very rapid descent." 

This |)oetie sally enables us to judge whether the cold of twelve de- 
grees, which then existed on Mont Blanc, and the nianagement'of grad- 
uated instnimeuts, bad cliilled the imagination. We may be sure that 
observers who, at the close of the day, remained accessible to sueb vivid 
impressions, had neglected, during its course, nothing which formed the 
special object of their toilsome and perilous ast'ent; and we nmy siiy. 
without further commentary, that skillful physicists who have tvnploye<t 
lifteen hours of assiduous labor to conduct, on the top of Jlont Blanc. 
the ojterdtioiis of the best instruments known, who, moreover, have oc- 
cupied four days in following their action on the plateau near the sum- 
mit, could not fail to have pnt us in possession of scientific documents 
of high value, before which a multitude of doubts and uncertainties 
mast disap]>ear. , 

Having completed, at tlieir tent on the grand plateau, the fonr days 
of observation, the travelers descended, September 1, to Olnnnouni. 
Here they rejoineil M. Camillc Itravais, who had been meanwhile en- 
gaged in making, every two hours, corresponding observations at tlie 
same i)oint where M. Theodore dc Siinssnre, since so celebrated for his 
investigations in vegetable physiology, had co-opeiatcd in like ma'nncr 
in the laborsof his distiuguished father, while the latter was operating 
on Mont Blanc Nor were others intUfferent to the issue of the ascent. 
For a month the father and sister of ^I. Bnivais had gone, every day. 
to sent tliemselves at a spot, in the entrance of tln^ Vale of Annonay, 
whence Mont Blanc and the snowy crests of the Alps may 1h' seen, and 
whence be bad himself in cliildboo<l often eontemjilatcd them. They 
bad not failed to be there on tlie tiOth of August, but the zont^ of va]H)rs 
which, from Mont Blanc, obscured the plains, hid everything fioni tlieir 
view. The same disappointment existe<) at Lyons. With the bc»t Icte- 
scoites the adventurers could not be perceived on the toj) of tlh' ;;rcat 
mountain, and the prepamtions made by learned (^lleugues. ^IM. Ta. 
liareau, Foumet, Lortet, and other eminent physicists, with it view to 
cooperate in the eiiten>i'i'^ by their own observatious, remaineil for the 
most part unfruitful. 

The professor of .astronomy had secnretl for himself, through the 
amenities of intercourse, a large shiu^ in the affection of the faculty. 
Lively, though reflective, in disposition, full of kindness, of delicacy, 
and disinterestedness, M. Bravais knew how to enjoy the success of 
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others, jvnd no shade of rivalry ever fonnd access to him. Always dia- 
poscd to render service and to Rive (counsel, when asked for, he fiiKiUed 
ills own duties witli the most scnipulons exactness. His lectures drew 
a nnmerons auditor^', for they were enlivened by the associations whreh 
the vnriety of his studies and exi)eriences presented without elf'ort tii 
his mind, and to which his vivid imnRiiiation fiswp nn endlessly diversi- 
fied cx|iression. In spite of the aridity su|»posed to Ik- inlieiviit in 
inatheiiiatical pursuits, his conversation was picturesque and sportive, 
imd often heightened by sallies in which science allied itself with iMK'try. 
It was never without n-Kivt, therefore, that his colleagTies of Lyons hoard 
liiiii speak of Avithdrawiiifi- Yet, this M. Brnvais was lionnd to think 
of, for the pnWication of the voyage of the Scientific Coinmissioi) oi 
the North n'as advancing, and with that would tinish the mission with 
■which he had been charged by the ndnister of marine. To reniaia at 
Lyons would have been to renounce his career as an oiBccr in that 
brunch of service, and lie sometimes thought of rei]uesting to 1«! sent 
on some new voyage. Those who justly saw hi him the ideal of th« 
seieutilic traveler could not forbear from encouraging him to do so, but 
an nntbreseeii circumstance put an end to these deliberations. 

Our distinguished colleague, M, Lami^, had Just n-linriuislied the chair 
of physics in the Polytechnic School to occupy the i>lar* of exauiiuer of 
gmdiiates. The c^iuncil, with great unanimity, designated M. Bravais 
to succeed him. The latter, therefore, a navnl lieutenant, was nominated 
to replace M, Lnm(5, chief engineer of mines, in a school which fnniishes 
as wi'U officers to the marine as engineers to the eor|»s of mines and of 
civil constructions. 

The preparation of a course so high as that with which he was now 
charged, gave, for some time, a particular direction to the studies of M. 
Bravais, and he delayed not to jiublish several excellent memoirs on 
atinos]>heric optics and the moiesciilar constitution of l)odies. A year 
alter his ascent of Mont Blanc he presented to the A*^a<lemy a memoir 
on the ichite rainbow, which completed in ,a very Iiappy manner one of 
the most admirable theories of physics. 

Until these latter ages mankind had seen in the rainbow a sign of 
ho[je. without knowing the caust^s of its apjiearance. Theodorieh, De 
]>oniinis, Descartes, had explaineil its tbniiation by the refractions and 
redections undergone, in drops of rain, by the rays of the snn, Newton 
Lad completetl this explanation by the consideration of the unequal 
refrangibility of colors ; but none of these eminent physicists, and none 
of those who after tliem had been occupied with the details of the 
phenomenon, had explained in a satisfactory- manner the formation of the 
irkite rainbow, which is sometimes seen to make its appearance on fogs of 
little elevation and not far remote from the spectator, with a i-adins 
sensibly inferior to that of the onlinary rainbow. It was reserved for 
31. Bravais to demonstrate that if a cloud is formed of small hollow 
spheres in which the thickness of the watery envelope is comprised be- 
tween thirty-eight and tlfty-tive-hundredths of the radius of the internal 
viu:nunt, it must form a white limiinous arc of thirty-four to forty degrees 
of radius, and consequently not so large as the ordinary rainbow of the 
first order, whose nulius is 42° 20'. In ordinary clouds the enveIoi»e of 
the globules of vesicular va|ior is thinner than that required by the 
theory of the white rainbow, whence it n-snlts that it is not formed. 
It is only to be seen on heavy fogs attached to- the surface of the land 
or sea. Tiiie^ this white rainbow is not one of those phenomena which 
strongly captivate the iinivginatiou; but it is enough for the honor of 
our colleague to remark that all physicists and Newton himself had left 



, Google 



164 MEMOIB OF AL'GUSTE BBAVAIS. 

it without explauatioii. His luemoir has filled » gap in the labors of 
tlie first iniistei's of science. 

The rainbow is not tlie only ])boiioniciion which dcaerihes ou the vault 
of the heavens geouietmal linures more or less brilliant, more or less 
vividly colored. ParhelioUH and halos, less frequent, but not less strik- 
ing than the rutnbon-, are formed under vireumstanecs so visibly difl'er- 
ent, that, far from lippeaiin^ of good augury, they have been reganled 
by the amaztnl populations us signs of divine wrath. Mariottc had pru- 
))oscd to attribute these luminous upimritions to the action c-xerted mi 
the lays of the sun or m(K»n by the frozen particles wliieh remain, for 
some time, susiiended in the atmosphere before falling in the form of 
snow or rain. But Uiiyghens had coinbatud this explanation, and, for 
more than a century, it had l>een left in abandonment, livaiides. Young, 
Galie, Kiimtz, and other celebrated physicists, however, had recun-ed to 
it with better success. But M. Uravnis has I'emoved all doubts by n>[)- 
rescnting by formulas, reduceil with the ingenuity of which he iiossessed 
the secret to great simplicity, the course of the reflected and reinicted 
rays, and by deducing from their discussion the forms, however stniuge, 
of the oliserved phenomena. 

Acconiing to the greater or less depression of the temperature of the 
elevated i-egions of the atniospiiei'e, the va|H>r is tJierc <-oudeuseil into 
water which gives rniu, or into particles of ice which produ(;e snow, sK-et, 
or Itail. Tlie ice crystallizes in regular hexagonal prisms, whicli, in their 
most elementary form, are terminated by jilaue faces periK'ndicular to 
the axis of the prism. The prism is sometimes much elongated, some- 
times, on the contrary, extremely short. In the lirst case the frozen 
particles formed iu the air are small needles of tnicros<^'opic dianieter; 
ill the second they are small hexagonal or stellate plates, of a thickness 
hanlly meaaureuble. In both rases these little crystals are ver>- light. 
They fiance in the air like those gnuns of dust which are seen ipiiveriug 
by myriutls iu a sunbeam. They fall, however, though slowly, in air 
perfectly cjdui. Although microscopic, they have forms of the utmost 
exactuess, foT tho regularity of ciystallizatiou is uever more admirable 
than in the smallest particles of matter. 

When the frozen iiarticles are acicular prisms, the lumiuous rays pro- 
ceeding from the siiu or the moon, in being refracted across two faces 
not contiguous of the prism, under the angle of minimum deviation, sire 
broken and pursue their i<oute, by making with their hrst direction an 
angle of abcmt lili^. In this case, if the snmll prisms (juiver iu the air, 
a colored arc is iirodneed compandde to a rainlHiw, but of 'SJ*^ only of 
radius, of which the luminous bmly M-eupies the center and in which 
the red band is situated on the inner side. This is the halo of 22^, the 
most freijuent of all. If the small prisms, or only a part of them, fall 
gently through tranquil air, aiul take a vertical position, there is 
formed, on each side of the sun and at the siime height, an image of 
that body which is called a parhelion, and which is distant from it, very 
nearly as is the arc of the halo, about 'J'2^. Tjie rays of light which 
arc refracted, at the angle of minimum deviation, across a diedral 
angle of ao^, like that which results from the rectangnhu' incidence of 
the faces of the hexagonal prism on its bases, arv more strongly deflected 
than in the preceding case and prwluce the halo of 4<)°. If the prisms 
aif vertiiral, they give rise to iiorizontal cirelcs, deckeil with very lively 
colors, which are tangents to the upiwr part oi" to the lower part of the 
hah) of HP. 

When rhe frozen particles have the form of small, very thin hexagonal 
plates, the diedral angles of Uoo, presented by the outline of their hase, 
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coiicnr in thp formation of thelialo of 40°; nnil should their fall throiiyh 
tmiiqnil air rejidcr one of their diagouals vertical, the iiiiphelion of 4(i° ami 
the aiithclioii make their apuearance. The rays reflectetl, without disiHT- 
siuii of colors, on Mie vertical fanes of the priania nurl hpxaponal tablets 
piwliK-e the parhelic eirele of 31, Babinet, wliitrh is brilliant Imt colorless, 

Otht'r combinations may be conceived, almost all realized in nature; 
moi-eover, the microscopic crystals of i<*, besitU's their ])rincipal faces, 
sometimes present secondarj' facets, which also {jive rise to refractions 
and reflections, the eftect of which is to break the ray of light, in each 
case, under a si>ecial angle. Tlie analysis of all the possible cases ot 
this kind, and the complete explanation which re»<ults therefrom of all 
the phenomena observed, even the most singular and most rare, fur- 
nished M. Bravais the subject of the consnmmate memoir which is I'reali 
iu the admiration of learned Europe. 

ConKi<lering the phenomenon under all points of view, M. Itravais 
comjileten the study which M. Arago had given to the polarization ot 
light in halos jiroperly so-eallcd, by extending it to all the parts of me- 
teors of this nature. ' 

E<iually skilled as an experimenter, and verseil in the managemont 
of analytic formulas, he conceives an ingenious appai-atas which, by tiic 
riipid rotation of a trausiiarent prism with vertical axis, i'ei>resents with 
much exactness the- multitude of needles or vertical flakes of ice sus- 
IK'uded irt the iitinosphere, whose horizontal movement, disjiersi'd in all 
dinnrtions, produces the greatest number of atmos])henc illumiimtions. 
By means of this new instrnment, and of artificial light, we are able to 
n.'pro(hn-e iu a cabinet of physics most of the phenomena of meteoro- 
lop:ical optics. 

In Lapland and on Mont Blanc M. Bravais-had had numerous opjior- 
tunities of observing the crystalline forma of snow, lie had otten met 
with adminible crjstallizations of congealed water, and had always Ue- 
scribe<l them with a pecnliar pn*dik^-tion. In his memoir on Inilos be 
employs the notations and formulas which represent the crystalline sys- 
tem (»f the icre, as one [wrfet^tly convei'sant with them and thoroughly 
master of their principle. But he did not stop there, and his studies 
eventually extended to the whole science of crystallography. 

In his view crystals are axsemblagat'ut' molectdes. iilentical as regards 
one another, and similarly oriented or aiTangcd, wliieh — l>eiag reduced 
in thought to a single point, their center of gnivity — are iltstwsed in 
rectUiuear and parallel rows, iu ciich of which the distance of two [Htints 
is constant. 

The points of an attsemblatje are aligned in roirs, corres]>ondiug to an 
endless numlier of different dir^'ctions ; but the knowle<lge of three I'ows 
not parallel and not comprised iu the same plane is siitticient com])letely 
to determine the assemblage of which they form a part. Au intinitude 
of assenilflages entirely diltei'ent may be contrived. By a profound 
malhenuitical study M. Bravais had succeeded in discovering the de- 
grees of (nymmetry, more or less great, of which they are susceptibla 
He lintts the axes and the />(««(» «/ st/mmetry which they may present, 
and establishes that according to the number and arrangement of these 
(tre» and planes of symmetry, the asscjwfc/di/es possessing them aits divided 
into six clasHes. By adding to tliese tlie asymmetric assemblages, in 
which there e.iist neither axes nor planes of symmetry, we have seven 
classes of assemblages. Thus are evoh'ed the most 8ini])le and general 
laws of the symmetiy observed in crystals, and the adoption, in crys- 
tallogi-aphy, of seeeH crystalline systems is a necessary conseipience. Of 
this llaiiy had hiul au indistinct pews-ittion ; but he wnduded that two 
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of the s/stems inigUt be blended in a singlu one, and after him all crys- 
Tiillc)gra|)lier8 bad tulmitt^Hl si-i: cri/ntaUiiie systems oiily. 51. IJravais 
demonstrates that it is necessary to return to the number seven, and this 
(leinoDstration, accompanied by all the liglit wbicli results from a ge- 
umetric analysis so i>rot'ound as his, is no slight addition to the iniuior 
tal ci-eatiou of Ualiy. Lagninge and Laplace bad followed, in 17S4, the 
lessons of the ingenious Investigator of crystals, but had been content 
with simply admiring them. The grounds of the beiuitiful science due 
to his geuias ba<l never been studied from so high a jioiut and with so 
much generality as in the memoir of M, Bravais on the syntems formed 
hg poinls ; a meuioir to which our illustrious Cauchy has, in a remarka- 
ble report, given his most unraser^-ed sanction. 

You do nut exitect me, gentlemen, to enter here into the detail of pro- 
ceedings, tbongh simple, yet rigorous, by which in a second memoir, eu- 
tifhrd h^tudes crystalhgraphiques, replacing cm)>iricid rules by the tlieo- 
I'cms of geometry, M. Itravais deduced from bis fniidaniental results 
idl the formulas of crystallography with that marvellous facility which 
denotes almost infallibility in the radical solution of the diOiculties of 
a snliject. Being limited as to time I shall restrict myself to the state- 
ment that in the second itnrt of this memoir, ceasing to regnnl the mo- 
lecnh^s as t>o>iits aud considering them as small bodies, wliicb be vails 
atomic polyhedrons, he throws light upon the relations which exist be» 
tiveen lliese latter and the various crj'stiillino systems. He i-eibices to 
fsiiiiiile laws the phenomenon, until then almost unknown, of the licmi- 
liedral, upon which our learned fellow-member, AI. Dehtfosse, in a Justly 
celebrated memoir, has diffused unexitccted light. M. Bravais denioti- 
strjites that he could exhibit twenty-live csises of hemihedral Ibrm-s, of 
which only eleven had before been discoveroil, tliougb these were for a 
long time amply sullicient to exercise the sagacity of crystal lo(;raphers. 

\ot forgetting dimorphism, one of the claims of Mitscherlich to dis- 
tinction, nor the curious discoveries pn^viously made by our ingenious 
fellotv-momber, M. Pasteur, M. Bravais, in a third memoir, gives the 
results of bis equally successful labors on the {teculiar form of crystal- 
lization exhibited in a mineral calhKl made and lu^itroiH-s, which bad 
Iktu in their tuni a stumbling-block to the crystnllogi'Hpher. About this 
tiuw be was also at work uiion investigations i-elative to the connection 
of atmospherio optics aud crystallization, as well as compo.siug varion!^ 
nicmtiirs upon subjects eutiivly ditt'ereut, but relating Ibr the most part 
to meteomlogy, some of which are not the less x-emarkable fi-om being 
outside of this branch of physical geography. 

lie was endowed with a n-uiarkable facility for all kinds of iutellect- 
ual labor, and heiKMsscssed the rai'B faculty of occupying himself at the 
same time with the most varied subjects: hydrography, navigation, 
astronomy, atmospheric opti<!a, physics, proi>erly so called, geometry, 
cr.vstullograpby, jmre analysis, and uatural sciences, weiv at once the 
sulyects of his investigations. It migiit be said of him, mitwithsttind- 
iiig the apiwi-eut opposition of words, that the universal was bis ape- 
cialty. 

All his memoirs have received honorable notice iu our " CompicA- 
KentJtu," imd met with merited sacce-ss by their publicatUm in the most 
esteemed scientific transactions of the day. They continually piv-sout 
ingenious aud frequently profound conceptions, which k\w well worthy 
of special attention, but which, for want of time, 1 am not at pi-eseiit 
able to si)ecify. The works of Bravuis, taken ni their totality, ai-e of 
iaiinense exteni, aud 1 am I'oi'ced to limit myself to a sketch of the priu- 
cijial treatise. As tin a^jtronomer, called iiih>u to give an abridged idea 
of the firmament, can only speak iu detail of the stars of the lirst mag- 
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nitndc, so F must be content merciy to mention nmong tbe works of M. 
BmvDis those wliicb form bin cliiet' ctaiin to tlio npprobation of the 

By his i n vest iKfit ions on crystallogrjiphy lie iissoi^iatert liis name with 
. that ot tlic immortal Ilniiy ; fi»m hi^ Dsconsion of Mont Bianc he coii- 
mn^'tet] it with ttiat of i)a Saiissnif ; in hi» work on La|)laii<t ho wiis the 
worthy <'Oiitinnator of tlie (ielebinted voya^tcs of Li-opoUl von Buch. and 
of the profound stinliesof IlaiiHteen. IliHinemoii'K npon lialos, jtai'lie- 
lions. an<l n|H>n tho while r.iiiilM>w, completetl in the most Inijiity manner 
the tln-oriesof Mariotte, of lliiyg'bens, inul ever, of Descartes and Xew- 
ton. After snoli achievemetits, gentlemen, the name of M. Itiii\ais conkl 
no longer ivmaiii sejiarated fnmi those of the UH-mbers of tlie Aeademy. 
In the bi'fjinninf; of the year inr>4, by the deatb of Admiral ItoiiMsin, iv 
phut' was nia^le vacant in tlie sect ion of peogniphy and navigation whivli 
M.Bravais was elected tn lill. Yoii wei-o right in supposing that tliiit 
was in yonr ranks tbe most In-litting place lor a sailor and « tniveler 
•whn hail enriehiHl by so large and so \aried a mass of observulions tbe 
domain of physical geography. 

Admitted to a scat in tbe Academy, M. Bravais testified his gnititnde 
by hia assidnity, hy tbe nnmlx'rand importance of bis eommnnications. 
Ritll be (lie) not eiyoy its lie would have done wveral years previoius, the 
honor, long and ardently desiiwl, wbieb ciiiwned so worthily an ex- 
tended reireer of Inlmr tlluminatetl with flashes of genius. Ho was no 
longer what he had Ih'cii; a visible clinuge was wrought upon him. A 
veil of s;idness was thrown over that countenanee, marked with o|)en- 
ness, modesty, and amiability. At tbe, close of tlic year 1S47 M. lira- 
vais was united in marriage to Mademoisello Antoinette Monti*;', of 
Paris; and be found in this tniion all the cbanus of a new life, liis 
time divided between the pleasures of family nltP^■our«^ and the con- 
tinuation of bis works, he had never labowd with more ardor nor taken 
a more aetive part in scicTiiilic enterprise, independently of his innu- 
menilde publications, lie li:;(! assisted in establishing the AnnKaire jW- 
tcorolof/i'iue tie Fninee, and was one of the principal fonndera of the 
Metcorologi<al Soc^iety, wliich, at its first aessioh, in lS."i2, elected him 
its annual president. But the year IS,!;!, which preceded his election to 
the Acailemy, was tor liiru one of disjistrous ansjuces. At the eom- 
mencement of this fatal year lie lost his father, tlie venerable friend 
who, havinfT been bis first teacher, continued deeply inteivsted in his 
labors, i-eganling them with tenderness mixed with noble pride. Almost 
attbesanie time bis oidy son was taken from him by an epidemic of which 
tbe fatal intluencewas particularly telt lit Parisamongebildren. This was 
a m<H'tal i)low, from which In^ never ivcovered. Pe<;uliarly susceptible 
to family afiection, wliicli was tbe charm ami support of bis life, witli 
his father disaii[>ean'd the cucharitinent of his earliest and sweetest re- 
membrances. One bnitbcr diM soon aCTer; he had lost auotiier tea 
years previous. AVilli his belovc<l child vaiiishedforevertbe Joys of pater- 
nity — hibor still n-uiiined lor liiai, and he a)>|tlied himself without re- 
laxation. He was stiinidatcd bv the desire lo n-plv to tbe kind wel- 
mme of the A(-adeitiy. and by the <-omiseIs of his friends, who endeavored 
to win bini by work tioiu l!'.e lenienibrance of Ins griefs. He tinisheil a 
iinmlicr of memoirs c<tnlaiuiiig important results, and evidently went 
Iwyoud bis sircngtli. I'liccasiiig labor soon began to tell njiou him. 
Sleep lied from his eyeliils during the night, and overpowen'<l bim 
during tbe day. This was in a4;coi-duiu;e with his I'eeiings. IJe wished, 
as in bis cabin of the Ijoiret, to consecrate his nights to work; he even 
desired, as in La|ilnnd, to vanquish sleep by cofl'ee; but bis organs no 
longer retained the flexibility of youth. CiOO'jIc 
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Miuluinc Bravaim was convinced that labor would be a salntarj- diver- 
sion for her husband, while at the name time she dreaded excessive 
fatigue. Tenderness came to lier aid and jiroiiipted her to I'esort to a 
plan to avoid this evil. It was a charming and at the stiiae time lieart- 
rendin;; »i{:ht to see bcr as e^rly as four o'clock in t Im morning assisting nt 
1ii8 table; forgettins her own (xriets, by turns eiidfuvoring to mo<lerate 
his ardor, and to raise his waning oourage. But the evil continually in- 
creased, tbe work no longer amounted to any thing ; memory was at 
fault; be couhl no longc^r recover the ingenious ideas wbicb he had jire- 
viouslyrememberedwithoutconiiiiittiiig them til paper. lie wished to put 
the last touches to a largt's memoir upon mirage, wbicb woulil have com- 
pleted his labors on mcteonilogioal optics, and which, with his usual 
modesty, be pronouiiired the most imiH'ifect of bis works. He eorrectetl 
it ; be curtailed it ; be apoile<l it, and, alas, Hnally made tbe sad discovery 
that it was iraiwssibleforhiratoeomplete it. The darktiessof the night 
seemed to shroud tbe intellect hitherto so aetivo and bnlliaut ; he lell 
tlie Polytechnic School for ever, and we ceastrd to sec liiTii nmoug us. 

A well-known disease (leveloiM'd itself, accompanied with fe\ cr and 
great suffering, lie was sustained in tins trying period b>' iUh'P re- 
ligious sentiments, tbe unalterable sweetness of his character manifest- 
ing itself in a wonderful resignation. 

Madame Uravuis went with him to Vcrsiiilles. She obtained (juarters 
at tbe entrance of the park, and later near the Hois de Vancn'ssou and 
of Laniarche, changing her residence ns otten us was net'dful, in onler 
to obtain new and pictnresrpio situations. This at lirst seemed to please 
him, lint at length ceased toimiduceany effect. He still took quite long 
walks with his friends, who renmine<l faithful tt) him in bis misfortunes, 
piirticriiliirly with Doctor IJr'rigny, collaborator in tbe Aimiuiire Mcteo- 
rologiiiite, whose unceasing devotion continued to the ead. He retained 
his strength, and preserved all tbe sweetness and kind expression of his 
countenance, but his memory was gone beyond recall, lie recognized 
neither objects nor individuals, perhaps even did not always know dis- 
tinctly the one who becametobim a tender mother, consecrating herlile 
to relieving his suffenng.s, and atlmiuistering to his wauts. 

Some glimpse of light occasionally pierced thn>ugh this cruel night, 
and gave rise to bo|)es which anfortunately were desline<l soon to vanish. 
One (hiy be saw, on entering his chamber, bis uniforni as a marine 
officer, hanging ovei' a <;bair; Ids face brightened, and a tear esca|»ed 
from bis eye. Another day he smik'd on retteiviug a boa<piet of wild 
flowers, which bis sister had gathen-d for him and lai<l upon his knci>. 
This was tbe last smile of our fellow- member; be passed away on the 
;«)tli of March, l.S«;t. 

Madame Bravais only left her pillow to pray near his cotUn. The 
tomb ahme separated hci' I'rorii one to whom for seveu years she had 
been as a guardian angel. Having hist all whom she loved on earth, 
beronly son and her Imshand. slic felt ns though there was no longer 
a place for her in the world, Hlie embrat^ed a i-eligions life in a convent 
Iwlonging to one of the most austere orders, where happily she has found 
consolation in her devotion and in the assurance which has be<^'n giveii 
bcr that the threads which were broken uivun earth will be united id 
Heaven, 

Gentlemen, may tbe honor which you bestow to-day on tbe remem- 
brantre of a clearly l)eIovp(l luisband penetrate into this asylimi of grief, 
and become a balm for a wound which even time will not have ]>ower 
to heal. The voice of tbe heart is heard under these sacred vnulte, 
where tbe voice of the world may not penetrate. 
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Tbe family of tbe celebrated botanist and otliiiologi»t, to \rliose mcm- 
orj- this sketcb is d(Hlicate<l, traces its origin back to Galeottiis Mar- 
tills, a famous physician atid astrologer, born in 1427, tit JS'arni, iti 
Unibria. About tlie year li50 he occnpicd a profe.ssorial cliair at 
Padua, bur, persecuted by tlie Inquisition on account of reformatory 
tendencies and compelled* to leave Ita»;, be subsequently went to the 
court of tbe leanied King Mattliias Corviiuis of Hnngary, who ap- 
]>oitited bim his counsellor and librariau. The descendants of Galeot- 
tus mostly spread tliemselves over Gennany, an<l nmiiy arc knowti to 
liavc pursued learned professions, thus tbrmiug an ancestry worthy of 
their distinguished successor. . 

Carl Kriedrich Philipp von Jrartins was born on the 17th of April 
1704, at Erlangpu, Bavaria, where his father, Ernst Wilhelm Jlartius, 
owned an ai>olhecary establishment, holding at the same time the )K)- 
Fition of honorary professor of pharmacy in the university of that city. 
A man of superior general acquirements, lie was esi)ecially interested, 
in botany, and has left some w'ritiiigs relative to his favorite study. At 
the advanced age of ninety, he published an interesting and well-writ- 
ten book, containing recollections of his long and eventful lite. Ho 
died ill 1S49, in his ninety-third year. 

nis ehlcst son, tbe subject of this sketch, was carefully cdncatctl ab 
lioiiie and in the schools of Eriangcu. At an early ago he alri'udy <lis- 
played the g<>nns of those talents which afterward made him conspicu- 
ous in the world of letters, and, when still <piitc young, ho manifested 
a determined resolution to devote himself to a scientific career. Though 
bis juvenile inclinations leaned towanl natural history, he also exhibiteil 
much taste for tbe study of ancient classics, a tendency which, nurtured 
by skilltui teachers, not only devclojieil and stix>ngtheiied bis intel- 
lectual capacities, but also eiiabletl him, when in alter yeart* he 
comxioscd many of his writings in Latin, to express himself iu 
that language with a precision and elegance not often met with 
in our time. In fact, during his whole life the reading of Latin 
and Greek authors formetl one of his principal rccicallous. When 
only .sixteen years of age, Martius was admitted, in ISIO, «s a 
student in the university of his native town, llo had decided to 
prejtare himself for the meilical prolession, chiefly because this study 
afforded him the widest field for indulging in his love tor natural 
sciences. His favorite branch, botany, was then taught at Erbingen by 
a pupil of Li nine us, the learned Schreber, who does not seem, however, 
to have been gifted with a happy luethml of imiiarting intbrniation ; 
lience Martins and his fellow-students felt more attracted by the lectures 

* NoTic. — II ie but f^ilr to state that mcKitof tliofnctK(',untainp(lin tlimxkctdiliavobeen 
fiiminbe'l by C. F. MeimDer'a Datkaehiift aiif Carl Frialr. I'hit, von Martimi, (Munich, 
JH69.) Tim itrticlo Carl /'kilipp ron itarliM, eein Lthen u»A kijm i^ufuB^cK, ia tlw 
Aiutaad, (No. 38, 1669,) lias olao Ixwn nsed. 
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of other professors of the uDiversity, snch as Tlildebraiidt, Harlesa, 
Goldfuss, Vogel, Wendt, aud others who nourished at that ]>eriod. In 
1814 MartUis received the dip) ma of dovior viedieina; having passal 
■with liouors the examination necessary to obtain that grade. His in- 
augural dissertation was a critical catalogue of the plants in the botan- 
ical garden of Erlangen.* In this first literal^- attempt, which forms an 
octavo roliime of 210 pnges, he followed the claHsifivation of Linnuens. 
Shortly afterward we find Martins among the Pieces of the lioyal Acade- 
my of Sciences at Munich, deeply engaged in botanical studies, and 
appointed assistant to ScUrauk, thcconxer^'atorof thelwtanical garden. 
An excellent o[>portnnity being thus offered to the young botanist of 
enlarging the knowledge already acipiired, he devoted himself with en- 
thusiastic zeal to a pursuit that Imrnntriized so well with his taste. 
Whilt^ in this position ho published his Flora Crj/ptogamica Erlant/eiuu, 
(NorimbergiT, 1S17,) a work already begun at Erlangen, which embraced 
iiis first independent investigations, and attracted by its merits consid- 
erable attention from comi>eteiit botanists. His snjierior talents, coin- 
bine<l with an indefatigable industr.v and excellent personal <iualities, 
conhl not fiiil to endear him to the older members of the Academy, men 
eminent in their sjiecial departments of science, whoexerted a most benc- 
llcial and lasting hiflucnee on his mind.. Indeed, he was placed in au 
enviable 2>nsition ; fortune smile<l on him and smoothed bi8.i>ath to dis- 
tinction. One circumstance, however, ranst be particnlarly mentioned 
in this place; for it is that on wliicli his future success hi life cbietly 
di')>en4h'<l. The King of Bavaria, Jlax Joseph I, au ardent lover of 
botany, frequently visitetl the botanical garden of bis capiUtl, on which 
oe(!:asioiis he usually sele<;ted Martins for bis companion and guide. 
Thus becoming acquainted witli the yonng naturalist's acquirements 
and talents, be lionore4l biiu with bis si>ecial favor, and seize<l upon 
the first opportunity of showing bis good will in a practical manner. 
This excellent monarch had for some time conceived the plan of sending 
scientitie explorers to South America, and in 1815 he had already con- 
ferred with the Academy in ivlation to this matter; yet two years 
ela|>sed before the n>alizatiou of bis design. In 1817, when the Austrian 
Archduchess Leoitoldina, the britle of tlic crown-prince of Brazil, after- 
ward EmiK'ror Uom Pedro I, was about to depart for the New World, 
Metternicb caused some Austrian savants, charged with scientific labors 
in Brazil, to bi; added to the suite of the i>rinccss. The Bavarian gov- 
cniment, wi.shing to profit by this occasion, asked, and was granted, 
pennission to sttnd in the same vessel two naturalists, who, ujion tbeir 
arrival in Smith America, were to cairy on their investigations inde- 
pendently of t lie Austrian coi-jis. For this purpose Mftx Joseph selected 
ns botani-it his gil'tinl ]irotege Martins, then a young man of twenty- 
three, and Johann Dajitist von Spix, a member of the Academy, who 
was to take charge of the zoolngical department. On the 2d of April, 
IS17, the party left the harbor of Trieste in the Austrian frigate Austria, 
and toncliing at Malta, Gibraltar and Madeira, reached Itiu Janeiro, 
after a iirosperous voyage, in the middle of July. One may easily 
imagine the feelings of the two travelers, eS|»eciallyof the youtliful aud 
cnthnsiaslic Martins, when tbey stood upon the soil of the wonderful 
cx>untry that lay U-foi-e them with all its ticasures of nature — the very 
El I>arado of a naturalist, then far less explored than at the present 
time, and promising the richest banest iu'every field of natural science. 
On the 8tb of December, 1817, the two Bavarian savants set out on 
their expedition into the interior. Having first visited the province of 

' rianlaritm Horti Academici Lrlangensii EnnmeraUo. iVJdwjfic, lal4. 
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Sail Pitolo, tbcy passetl ill n rmrtlicastprly direction tbroiipb the prov- 
iiK-e of Miuaa Genii^s ais tar as MiunsXovas; tlieii tliroiigU tlic Serra 
Diaiiiuiitiua, toiicbiiig tliti praviiice of (joyaz, when thuy turned agsiiu 
toward tlic northeast and jtroceeded to ^lu Salvador, the capital of tbe 
]irovui(.-e of Bahiu. Tbey arrived there in November 1)^18, After a 
short sojouni at this plai'^', and having visited the Botocudos and other 
atyaeent Iiidian tribes, tbey continued tlieir Journey towanl tbe uortli, 
travemiujtr tbo proviuces of I'eriiambneo, I'iauliy, aiitl Marauljao, iiutil 
tliey reached ^n Luiz, situatctl at the mouth of the Itapieimi. From 
there they went by »ea tu the estuary of the Amazou liiVer, arriving at 
I'ara in June 1811). Tbey then asceude<l this mig)ity stream fur more 
tlian twu-thiitls of its length, as fiir as Tabatinga, dose to the f.ontier 
of Peru. The travelers liaving separated ftjr awhile to visit diflerent 
parts of this region, ^lartius explored one of the tributaries of the 
Amazon, the Uio Japura, (Yupnn't) until he arrived at the cataract 
Salto (irandede Araraeoaru, wbicb iuii>e4led a furtlier advance. The 
hirger affluents of the great river, the Uio Negro aud Uio Madeira, were 
likewise explored some distance, the latter as far as the districts of the 
Mundruci't and Mauhe Indians. It must lie reuiembei-ed that the navi- 
gation of those waters, which is now greatly facilitated by steam ves- 
sels, biul then to be iwriormed in bii-ed or purcbaami boats, wliic-ti, beiug 
ijiannod with Indian rowers, ull'orded hardly room for tbe travelers and 
tlieir ever increasing luggage, and oflered no other protection against 
tbe burning etjiiatorial sun and the heavy rains but a slight covci' cou- 
sinicted of boughs. Amid a multitude of inconvenieuces, and stime- 
times ex|>oscd to real tlaiiger, they had to keep their Journals, and to 
prepare and preserve tbe natural objects obtained during their excur- 
sions on the banks; yet the rallectious they brought back, which now 
enrich tbe museums of Munich, bear evidence of their givat su4;was." 
Descending tbe Auutzon, tbey arrived again in I'ara in the middle of 
April IH'M. Two months afterward they embarked for LisbMii, and 
nuiched Munich in l>e(;eniber IS'M, after au absence of nearly linir yeai-a. 
The exiMKlrtion of Si)ix and Martins certainly nuika among the most 
imi>ortant enterprises undertaken for scientiUe purposes iu this century. 
Their explorations extended over a distance of uearly one thousand 
torn' bnndreil geographical miles, and have, like tbe travels of Alex- 
ander vou Humboldt, furnished tbe Diaterial for uumemus works em- 
bracing many departments of science ; indeed, tbe periml of uearly half 
a century, wbicb has elapsed since tbe return of tbe naturalists, was 
not sutUeient for fully developing, aud giving to tbe scientific worjd, all 
results of their researches. Since La Oondamine descended the Ama- 
zou, Spix and Martins were the Urst learned Knroiieaus who visited 
those mighty waters; and though others bad previously explored cer- 
tain i>ortiuus of Brazil, tbe countr>', on the whole, still remained com- 
jtaratively unknown, llence the imiwrtauce of the Bavarian expedi- 
tion. Tbe names of Spix and Martins are intimately connected with the 
natural history and ethnology of tbe empiro, aud will be gratefully 
renienibereil iu future timcj by all those who take a scientific interest iu 
that country, ov wish to inform themselves couceruing its condition in 
tbe early i>art of our century. 

* lli-niilcH vnlnalilu mliienilouival uw\ K^ulugicaL 8ii>'eiiii>>iiH, Iliuiroulli-ctiniiH enibrKcpd: 
mamiuiiH OSBpecli^; blrdH,^; !Uiii)tiibiu,l:lU; bshua, llt>; lUHCctH, ti,7<K> ; umdiiiidua 
anil cnuitac«iuia, ou«h iiU ; itlaulB, aliuiit KfiiW. Tbo latter, niOHtly rviimwiitcil l>v Mtv- 
enil siKinmenn ami cnnnilljr itDMorviMl, ooiistituto ooir tliu pHwt vuliialilu iKirtiim uf 
tliu nijnl horliarinu -it Muuiufi. Th« butunk-al (puiluu also receivud'its stiiiru, partly 
iu living iilnntB, purtly iu eiit-ti iis were raised fruia tlie culk'ctud seoUs. The whole 
was placud nuder tlio care of tbe Academy, , - r 
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The Brazilian voyage laid the foundation of Martins' future s 
On the very day of their return, he and Spix were dtnioriited by the 
King with the civil order of Bavaria, and shortly afterward Martina was 
elected a member of tlie Koyal Ava^leniy, an<t ii|>pointe(l 8t«eond con- 
servator of the botani<ral ganlen. At the atte of twenty-six ^lartins 
already enjoyed a reputation which, in common lil'c, i.s nsnally only 
ncquii'e<l by men of ri|>er years ; for not many are iavored with iulvan- 
tages Riirrli as were, ottered to him. His sojourn in a country i)ci"fectly 
new to him, and hence the necessity of acting independently, had matle 
him »i>tf-relia»t and practical, while the number of objects constantly 
claiming his attention had ser\'e(l to quicken liia powfr of pcrcejition, 
and to develop all those qnalitien which, when comliined, constitute the 
true naturalist. His exi>eriences in the wilds of Brazil were to liim afar 
better s(;liool thau many years spent in cnuRtant closet-study. 

His return from Brazil marked the beginning of a loug-contiuiied lit- 
erary activity, resulting in highly important works, to which reference 
will be made hereafter. As an event of this perio<l we have also to 
record his uiarriage with an accomiilished lady of noble descent, a union 
which ga\'e him a home and a family, and promoted in no small degree 
the hitjipinesa of his existence. The dom'eslie circle wiis to him through- 
out life an asylum of peace and contentment, where lie rested tVoni his 
professional labor.'^, enjoying the society of his family and of numerous 
friends who loveil to gather under his hospitable root" A great cliauge 
occurred in Martins' position in the year 18:iC, when King Ludwig I, 
who had ascended the throne of Bavaria, transfen-ed the university of 
Landsliut to Munich, and appointed him professor of botany. Six years 
later, the tirst conservator of the botanical garden, Vou Schrank, being 
then very ohi, retired from office, and Martins was installed in his place. 
Ue was eminently qualified for discharging the duties now incumbent 
on him. Perfectly acquainted with his scieiwie, he possessed the faculty 
of presenting it in an esisy and attnu;tive inainier. Ue spoke with ele- 
gance and fluency, and sometimes, wiien carried away by the subject, 
his eloquence even partook of a poetical charaeter. -For practical de- 
monstration thebotaniealganlen, carefully .superintended by Martins, and 
the herbarium, afi'onled ample means, to which must be added fretpient 
botanical excursions undertaken in comjiany with the students, with 
whom he entertained very amicable relations, gaining their affections 
no less by conscientious instruction than by the benevolent, piiternal 
friendsliip he bestowed on them. Among tlie number of his pupils who 
became prominent, may be named Alexander Braun, Hugo von Mohl, 
Ciiri Scliim|»er, O. Sendtner, 0. II. ^ubnltzBipoutinns, and Spring. 

In l.sm Martins was elected secretary of the physico- mathematical 
class of the Academy, an honorary office imposing iniieh hil>or, which 
he performtnl until his death with care and punctuality, and great ad- 
vantage to that seientifie- body. By this position he was charged with 
all correspondence and literary exchanges witli other lejtrued institu- 
tions, and whenever a foreign or resident membep of the Academy diwl 
it was his duty to deliver an address commemonitive of the life and 
merits of the deceased. These eulogies have been nnich admired for 
the excellent style in which they are composed, and the skill displayed 
in the general treatment. They are deemed fully equal to the celebrated 
cloges by Cuvier and Flourens.* 

' Tbe oitlii)'icn ri-ad by Miictiiix nre iviituiiii'it in au uctiivo vi>liiiiie of tiia pair's, 
cntitli-il JLiilfmiteli' Drukn-den ron C. F. I'll, ma Martiat. (_Uip:ig. IMim.) Tluiw of a 
lutiT date (oil Fiir.iil.iy, ItrciVHh-r, Flonreua, 4.C.) weru piibliaUuil in llui tl-aIl^Ml<.'lious of 
tlio Academy of tlio year Itfiki. 
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For tlie fest, the professional career of Martius is uot tnnrkcil by anj- 
striking incidents. Lectures, literary labors, and the superintendence 
of tilt' butuiiical garden fully occupied his time, and his tainels, after 
the American voyage, extended uot farther than France, Belginiu, Hol- 
land, England, and Switzerland. He used to si>eud bis sninuier vaca- 
tions in the i>icttiivBquc Bavarian uioinitains, especially at Sclilelidorf, 
ou the Kochel-See, where his hospitable house formed a mllyingplace 
for his numerous frieud», who remember with feeliugs of gnititnde the 
days passed there amid deliglitful natnnd w^eues antl in a highly iutcl- 
lectnal, itidncd society. Though of a vigorous constitution. Von Martins 
was ill later years subject to those chronic iudispositions which usually 
result fmui the sedentary habits of men of letter, and he foun«l himself 
therefore obligeil to i-esnrt repeatedly to watering places, especially to 
the mineral springs of Kissingeu. . The sidutary ellect denved from the 
use of these waters was in some measure cuuuteracted by the bustle 
and distractions i>eculiar to such localities; for, meeting there distin- 
guished friends, and being, moreover, initundly inclined to social life, 
the mental excitement produced was rather unfavorable to the improve- 
ment of his jihysical condition. ' 

In the .vear 1354 an unexpeeted event cjiused the premature termina- 
tion of 3Iartins' official activity. It was decided by the government 
that the glass building for the industrial exhibition then to be held at 
Miniicli slioidd be erected within the area of the botanical garden, 
which Inid but lately uinlergone great impntvemeuts at a siieriiiceof 
much time and labor. It was in vaiii that Martius reuionstrateil against 
a measure which tbi-eatened his beloved institution with serions disad- ' 
vantages, and when ho found bis objections unavailinfr, he finally re- 
signeil, deeply disiipjioiiited, both his professorship and the su[ieri]itend- 
e!ice of the botiauical garden. 



The literary activity of Professor Von JIartius was very great. The 
writer has in his possession a jirinted list of his works and minor writ- 
ings, which embraces no less thtm one hundred and sixty titles. A 
number of these' publications are written in the Latiu language, and 
most of them, of coarse, relate to botiuiy, his S])ecia]ty in science; but 
there are also valuable contributions to ethnology among tlieni. In 
treating of his' merits as an author, it is proper to mention first the nar- 
nitive of the Brazilian voyage pertbrnied by him aud Siiix.* This is a 
substantial and most carefully prepared work, in three tjuarto volumes, 
accompanied by au atlas of large size. The volumes np))eared res|)ect- 
ivelyin li*2;t, 18J8, and liWl; Spix, however, diwl in 1820, and hence 
the two last volumes were almi>st entirely written by Martius alone. 
Kvery one who cxanunus this work must he struck by the vast amount 
of varied infonoatiou it contains, for the travelers directed their atten- 
tion uot merely to the uatuml history of Brazil, but investigated also 
with searching care overythiug else within their reach which they 
deemed worthy of inquiry. The nature of the country, its productions, 
diSerent races, social condition, commerce, agriculture, mining, statis- 
tics, &e., are treatetl with a 8ur|>rising minuteness, and, where the sub- 
ject ia of an elevated character, in a suiierior style, which has rciwatedly 

• Brine in Bnuilini, auf Ite/M Sr. Mnjnliit Maiiniliaii Jmrith I, Koiiign itm Ilniiriii, in 
<lfa Jahrra HIT, Inlti, tSVJ hhiI tr<-JO •/"""''A/, nnrf brwhrirbrn rati J. li. ran Spiz iind V. F. 
Ph. ran J/ai-f((M. Thn^e toK, ita; Munirli, l».>3-:tl; with an nllaii. 

Thpre U nil En<;1iHti tntnHlnliiiii iif ttiu lirst voliiiiio by H. K. Lliij:<l; London, 1S34; 
•2 voU., dvo.; plates rcdiicfil to tEie si^c of tlie volumtn. 
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elicited the praise of Goethe, the great master of German cotniKisitioo. 
In fai't, certain portions of the work, such aa give the inipre.ssii)n« i)ro- 
dnced upon the travelers by the sublime natural Kccnes of Jirazil, have 
passed into collections containing model pieces of German pru»c.* The 
large atlas, ornamented with a wellexecnted allegorical title-jiage, 
compriactt maps, orographical diagrams, panoramic views of momttain 
chains, Inndsvapes, rt^iresentatious of typical animals and plants, and 
quite a nnml>er of plates illustrating the domestic and hniiling lit'<-, the 
leasts, dam-es, and ceremonies of the aboriginal iidmbitant.s. Their 
fabrics and arms are ligured od two ph>tes. In addition, then* are many 
faithfnUy exccnted, large portraits of Indians of varions tribes, exliiiiit- 
ing their pecniinr teatnres and the cnrions manner in which tlicy dis- 
flgnre their ears, lips, and chins by the insertion of ornament-'^. Of 
particular interest are some iilates containing representations of tignres 
sculptured on rocks, as affording the means of comparing the pictogra- 
phy of the Hraziliau aborigines with that of other indigenous inhabit- 
ants of the American continent. 

On the whole, the narrative of Spix and Martins is one of the most 
important and comprehensive works of travel ])ublished in modern 
times, equaling in merit the researches of IInn)boldt relative to Mex- 
ico aud other parts of America. It will remain a lasting monument of 
the zeal and perseverance of its authors, aud an honorable testimo- 
nial to the enlightened prince who brought about its realization. 

Simultaneously with the account of their travels, Spix and Martins 
began to prepare their strictly scientific works ou the botany anil zoo- 
logy of Urazil ; the former tlepartment, of ctairse, being in chai-ge of 
Martins, while Spix treated the subject of zoology. But as S|>ix had 

* We I'iiiiuot rtfntiu friiui iilwrtinff berc, lui n it{Hi;iiuen. tho dcMTiiiliuu of i-voii[iif,ii 
sponi at Ihc cnuiilry hoiiHi% uf Mr. Vod Laii^lurf), ucnr Kiu Jaiicim: 

"!futhiii){ call lip coni|HWwl tu tin- l>eauty of tliiii n-trrat wIusq (lie moBt miltry hoiint 
uf tlu) liny am pnttt, uiitl i^Dtlii bn-i-zes, imprtsaiiatt-it with baliiamic |M-i'fliiui'H Iriiiu the 
iiui^bborfiij; wnmli'il luoiiutaiiiH, uixtl the afr. ThU etijnympiit ciiiitiDiii-ii to iurrciUM- as 
thu iii^ht Mpiaulit dvitr tlni Isixl ami tlio wa, nrblrb luiitics iit a dUtaiicc, uii<l the city, 
wbeni tlip luiina of biisiiii^sH has tmbnUInl. Is gnulitally li^liteil. H« wlio linH not (ht- 
ttvtially .pxiierii'iicnl the nuchautmuut of tranquil iiioouliKhC ni|:hl« in IbcHir ba[>py 
hititnih'S i-aii uover bo iuHp[r«l, tivuu by tho moHt fuithrii) UeHcrintiou, with IIiihu' i'l'cl- 
iu>M wliii'b Hciinna of Hitch wotiilroua b^^nty oscitu in the uiiuil of tbi< lii'holili'r. K 
(teTicatis truii)t|uireiit mjal liaii;rH nvur tliu country, tho innoii BliiufH hrl;:htly ainiditC 
heavy oihI liii^ularly grouped cloiiiti; tlioontliiii-Hof Ibrol^tectawbirh am illuminatf^l 
by it on- <:loar aud wuU itetluud, whilu a inaj^c twili){bt Heeius to romovv fhmi the eyo 
thoso wlik-b iin- iii thu abadu. Bi-ait'p a breath of air in stirring, and thu iieiKhliurinx 
MinioiKiH. thut li.tvu foldud up their lHav<»< to it1c<-p, Bliiiid motiouii-ss buxidu tliu ilitrlt 
crowuHof thu niaiifcii. tho Jac», and thootheninl jamlxKi; orBoaictiiuuaeiiiidiU'n wind 
ariscB, and the juiccless lenvuH «f tliu ocujn nuttlu, tho riuiiiy flowured gmiiiijnnia and 
]iitan){a let drop a fiwrant aliowur of HUow-whitu bloHHunw; the crownH of Ihu ma- 
jestic piiliim wavo Hioivly ovor tlii> sllunt roof wliiub tbuy ovurahoda, lilcu a sytnlHil of 
peace an<l tranquil tity. Shrill criuM of the cicada, tho i;r4s»liop)>i'r, aud thu truu-tros 
make an incmaant bum, nud pruilucu by their monotony, u iilumtinjr iiieliincholy, A 
streain,)^nlly inuruiiiring, iluHcuiida from the uiountiiitis, and dm taai:ai:,{l'riilrir itiifa- 
Hfnsii,) with iu almost Uuniau voice, seeuiti to call for help from a dislauce. Every 
qniirt.T of un hour difleri-ut balsamic oilors fill tho air, and other fluwera iill<-niat«]y 
unfold their le.ivua to the night, and almost overpower the senstie with their pcrtiime; 
now it ia thu bowers of jwiilliniaa, or thn nrlfchboriuc orange ^rove, thuii the thick 
tufts of the oupotorio. or the bunchua of tile dowera of the i>»lnu, suddenly bursting, 
which diHclose tiieir bloasouia, anil thus malutaiu a constaut aiiceessivu of (tU({n>noe. 
Whilu tbu silunt vegetable world, tUuniiunt«<l by sw»rm8 of liTu-llius, as by a tbousiind 
moving atani, charms the night by its duliciuus effluvia, brilliant lightuitigs play 
incessantly in the hurizon aud elevate the minit iu Joyful admiration to tlie sf- 



'hich, slowing iu soluuin ailcnce in the lirmanient ahovo the continent aud ocean. All 
ine soiiT with a preauntiment of still sablimer woudera. In the enjoyment of tliu 
]K';ieefnl au<l magic influence of aneh nights, the iiewl^'-urrived European retuembeis 
Willi tender lougiugs bia native home, till the Inxunoot scenery of tlie tropics has 
become to hiui a second country." — (English trsualatiun, vol. i, p. tGO.) 
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died in 1S26, tlie assistance of Agassiz, Perty, and Andreas TVagner 
was rpqnireil to eontinne tbe zoologit^iil labors, wbicli leaiilU'd in tlio 
publication of sevflnil folios with i>euii tifully executed plates. \V« men- 
tion tlie folloivius: 

Sew s|K'oies of Brazilian monkeys and bats, by Spix.* Xt'w spe- 
cies of li/.anls, snake.i, turtles, and frojfs, by Spix.t New spceics of 
birds, l)y S|iix4 I''luviatile tostaeeans, by J, A, \Vaynoi,5 I'isluM, by 
Apassiz.I| Insists, liy I'etty.H 

In tieiittn^ of the lira/.iliai) flora,"* Martins first confined himself to a 
selection of the plants collected liy bini, which lie described in two 
works, entitled A'om Oenem et ^peeics J'lantarum JirasiUeuKiumf] and 
IcoHot /?c/ecf(c PInntorum Vryptogumicarum lirasiUa'.W In the prepara 
tion of the lirst rolniue of the Brst-nanied work, which des(-ril>es the 
phancroiranions plants, he was assisted by bis too-early-il«!eased col- 
leagne Zucctarini. The object of the IconvH Scleettc, dc, is iudicateil in 
the title. To the latter work Hugo von Mold contributetl an excellent 
treatise on the atnictnre of tbe stems of tree-lems. lioth works are 
highly esteemed. Theytiontnin lull and pi-ecise descriptions of single 
plants a» well as of whole series and ({roups of kindred s|tceies ; and it 
is parlicniarly worthy of notice that many of these niono};r.iphic trea- 
tises have laid the foundation of a thorough knowledge of tlie plants 
to which they relate. The drawings of whole plants and their anatom- 
ical detads are executed with a degree of faithfulness ami art si)r[mss- 
ing almost anything of a similar character that had pix-vionsly apjieared 
in the literature of botany. 

As esirly as IS^y Martins began the publication of his " Natural His- 
tory' of L'alms,"§§ a work which is consideretl his most important contri- 
bution to botuny, and that by wliieh he has most conspicuously linked 
his name for future tinu's with that science. At the tirat sight of f Iieso 
majestic trees, which Linniens ab-eady bad <lesigiiate(t as tbe "princes 
of the vegetable kingdom," he conceivetl the plan of making them the 
object of liis special observation and scientific treatment, ilo, there- 
fore, studie<l with attention the many s[>ecie8 of palms he s:iw during 
his travels in Brazil, an<l collected after his return from that country 
with the utmost diligene« all the material concerning the palms of other 
partB of ^.he world, which was reijuired to render his work eoni|)lete. 
He thus succeeded, after the labor of many years, in producing a mono- 
graph uniiiue in its kind, which caused Alexander von Humboldt to 
exclaim, "As long as palms arc known and mentioneil, the name ot 

* .SJotiarMHi rl t'wperlilionuin Jlraniliniiiium Sprviet Soea. Kil. J. II. dc Hpix. ManacItU, 
li^lS, Lui^ folio, with :U culurfil jiliitcH. 

t AliiMalia Xorn, «. Spetitm Xorw JjacerlarHM. SfrprHtun, 'n^tudinuttt, lianarum. qmu fn 
tUnrrt per Itraniliaia a. lon-'H} mxtyilo, mllt'jit t( dctci-iiuiit J. It. dc Spiz. Aloiiaehii, 
I6li-'3a. VnWn, with 'Xt colored pliit.^s, 

t Aniim ^prr'm Sorn- qutuiu lUiirir/ifr UrnaiUama, 1317-'20 gumyplo coUi/il et tlfKrip- 
til J. It. de SpU. J/onncAii, l)iii~'£). Two voluuios IbUu, nitli 115 nud Ilt<colotv(l 

} Tnlarra FlHTiatilia qua eoVeg'U J. B. de Spir, diwriywt/ J. A. Waguer, edd. F. 

a Paula de SchranL et C. F. P. de Martiat. MonacHi, 1W7. Ktitio, with liO culunil [iluti-a. 

I SeUcta Ueatra el Speeiei Piteiam quo» nttfgil et pitigrudot curarit J. If. de 

Sfiiz, digrtfU I.. Agofh, <mL Marliiu. MaHachii, IS&. Folio, with (ilutefi. 

H Delerta* AalmatiiiM AiUcalatorum quie eollescrunt Spit el Marliiu, dnrripiil 

Jfoz. Perlg, fd. MarHiu. ilonachii, 1S3U-';14. Folio, witu 40 colortil |itutvH. 

'* Xnt lieiii); n botaiiiM liiinselt'. iiiul coii)UM|UiiiitIy unttciiiiniiitifl nitli moRt of the 
works muutiumMl herenfttr, the writer kce^w clutwly t-o tiio 8tati<iiieutH giveu by Pro- 
fessor Hfiwiner in his DenkmArift. 

tl ilonachii, I'SKWM. Three volnniea (olio, with 300 colnreil plates. 

tt MoHochii, iSiO-'M. Small fi>Uu, with 7G colored plut<«. 

ii Hiatoria SatnTaii» PalmarBm. itonachii, lS£i-'aU. Three volumes imperial folio, 
with 215 plates, partly colore<i. , - t 
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Martiufi will not be forgotten!" Certain specialties embraccdiii tins' 
largp ivorii weru tivated by itkiDfiil co-liiborers : tlie aiiiitoaiy, by 11. vou 
SIolil J tlie fii.ssil ptilina, by Uuger; ami a part of tlie inorpliology by 
AlexiindcrBniim and O. Sendtner. 

Wliile the precedinji; works were commenced and in progress, Slartius 
entered upon another literary undertaking of still larger extent, niimcly, 
the systcniDtic ennmemtion and desL'ription of the whole dura of Brazil. 
But as a labor of nuch magnttHde cuubl not be carried ont without tbe 
assistance of persons iu high station!^, the patixinage of King Ludwig I, 
of Bavuria, and of the Einjieror of Austria, Fenlinand I, was success- 
fully solieiled, and the work eoninienced under their auspices.' The 
Kniperor Doni Pedro II, of Brazil, atlerwai-d united his aid to that of the 
two GerniuH sovereigns. At the outset Martius bad secured tlie co- 
o|>emtion of competent botanists, endi of whom was to take charge of a 
cevtiiin ])urrion of the work; and their united eB'orts residted in the 
publication of the Flora Brimilieitiiin,] one of the greati'st liteniry achieve- 
luents of our time. The work was coininenced iu 1840, aud though yet 
fur from completion, already consists of forty-seven paittt, with more 
than eleven i>uHih-ed plutes in folio. Notwithstanding the ample nmte- 
riiil which Martins bad at his command, the n-searehi-s necessary to 
ariive at full and 8atisfact4)ry results extended over many botanical col- 
lections of Knrope, und evciything in the sltapu of manuscripts and 
drawings bearing on the subject w:i^ critically cxannued and nscrd when 
found available. The immense work connected with the editing of the 
Ji'lora prevented Martins from participating conspicuously in the botan- 
ical labors themselves; yet he has furnislied two entire monographs 
(Anonaceie and Aguveie) and many highly valuable additions relating 
to the geographical distribution ami the use of the jdants described. 
In view oi' the importaut bearing of this publication upon the dc\'eh>p- 
uient of the vegetable resouR'es of Brazil, the ambassador from that 
country to the court of Vienna hitely siwnt some time at Munich, iu 
order tn cout'er with Professor Vou Martins concerning the completion 
of the work.. The Brazilian government agreed to pay lIlU^tKll) lloriiis 
Ibi' that purpose ; but as Martins was already fur advanced in jcars, bo 
■bought it expedient to appoint, in the )>erson of Dr. Eicbler, a successor 
to superintend the publicatiou in case of his decease. Thus the work 
will sutler no lnteiTn|»tion.f 

-It nm>it not In- iefrunimlii'iil tli.1t lli(i pnlmnn^tr of tlio Ki]i|i>-n>r <if Aii'^irhi in fLh 
FiiHc will on-in-; (11 I1i« lallil<'ni.'i' of I'liiiiK Mi-tluniioli. T]ii;i miiih-alm^iil Hluti'OKLiiii, 
it in wdl kiion-n, tonic a lively iiiliTi'sl iii rlii; itnmiolion of m-ii-iiri-. IIU I.IUth to A. 
^'l>Il IIiiinlM>l<ll, coiitiiliml ill Ihi< i'un-os|ioiiilciiui; butwvvu HuiiilioUlt iititl Vuniliu^'L'ti 
iim Kiw. lM>nr Wltin-xs to tin- fnrt. 

t /'7<in( ItraiUifHiii, t. EiiaiHfralio PlmilaritiH in IlraiiiHalimif»niidt'tfrtar¥Briiiia» 

eiliilrriint C. F. I'h. di- Marfiiis rt Kl. L. Enilli<-brr. fimlob. i( /,i/«., l-iJlt-ViD, Jom; 1-17, 
faliu . Till- iintt niiiu parla wcm i-diti'd 1)y Martins ;iud Eii<tliclier; tlio rest, aflcr 
liii'llli'tier'H (Initli, by MartiuH nlinu-. 

{ or Miirliiii'' iniinfrous Itiw usttusivo |iul)licutioiiH rcl.iting to botany we will nii'n- 
tioii only till' follon-jii);: 

llrrlHirinm I'lniiit llra»ilUii»iii. .l/on(ii^ii, l>*37-iO. — SgntFma Materia IfedioF I'rgttabUii 
Dratilituyi''. {S- : Lnpzift, IS4;(.) TIiim in a HyHtriiintii-ally iirRiiip-il oiuiuerat iou «f tlie 
pluiitH iimhI f»r inodicinal piiriHwiit by tlio iulittbitantit of llriizil. TIih iin-]>uriitiou, 
iiiniiiifT »f a[i]>lii:iili«ii, uiul utf.i-tit nn^ ciircnitly diiwriliod. TIiiH work hni) Ixxin trntu- 
litliil iut» tli<> I'ortutcniiMi laiit(iiii-;i- by II. VclloHii d'OliVfini. Kioibt Janeiro, lr04. 

SptfimcH Miifrria Meditte llranilirii'ii (\n vol. ix, of tlio Mrinoint of th«t Acndt'iiiy of 
S<'ii'ti('i-A.) A iiHn]lMTi>l'iirtidi-!iliki'Wl4i'rel.ilin;;totlinnii'.1ii-iniil|>1iintsof ItiuEilaud 
tlii-ir tisfs wen- pnblislieil in llarbifr'ii Itfiyrrloriam drr /*AnnnnnV. 

W»rlhy of I'Mpi'i-iul inuution ia 11 |iuli1ii';ition on ttii'|Hit!il<>-rot : Dir Kartofrl-Kpidfmie 
Act 'rl:lcH John- (Muiiicb, lSt3. i-'. With plutiii.) MurliiiH wnn tlir liret Who notiivit 
ill llii- ilisc';i:.i'il triiit A iiiicnHi-opio fiiii!;n:i. p:i1I<!iI by liiin Fii'hporiam telaiii. Ho 
in:c(imitoil fiiv tin- Bprtadiug of the I'ot by tlie trmismissioa of f liu Hiiortw of that fungus 
to aouud potatoi-s. CToOqIc 
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Having givert aome account of Martins' more important botuuicul 
labors, we will briefly allude to his great merits as an etiinologist. 
Daring liis travels in South America he became deeply interested in the 
aboriginal tribes, and collected, in conjunctiou with bis traveling com- 
panion, many valuable facts relating to their mode of life, relationship, 
langnages, migrations, &c. It has already been stated that a consider- 
able portion of the "Travels in Brazil," by Spix and Martins, is devoted 
to the ethnology of that country. Martiua, however, published subse- 
quently several valuable treatises relating to ethnological subjects, 
which will be mentioned hereafter; but his most impoitant ethnologi- 
cal work, entitled Beitrage zur Etknographie und Spraclieilkunde Amerikas, 
zumal Brasiliem, (Leipzig, 1867,)* which was published shortly before 
his death, and therefore contains his matured views, deserves particu- 
lar notice. The Beitriige comprise two octavo volumes, the first of 802, 
the second of 548 pages. An ethnographic map is added to the first 
volume. Its contents are: 

1. Die Vergangenheit und Zukunft ier amenkanigchen Menachheil,^ a 
lecture delivered in 1838, at a meeting of German naturalists and phy- 
sicians, and first published in 1839. 

2. A republication of the admirable treatise Fon Aem Bechtsnuslande 
unter dm Ureinwohnern Brasiliens,t first published in 1832. This is cer- 
tainly one of the most interesting essays ever written on American 
ethnology, although Martins' view of a degeneration of the Brazilian 
Indians from a higher state of civilization may be contrary to the 
opinions of many anthropologists. 

3. The remainder of the volume (pp. 145-801) is taken up with a 
description of the native tribes who inhabit Brazil and the adjacent 
regions. It is minute, accurate, and vivid, much more full than Waitz, 
and enriched by numerous personal obser\'ations. Martins is a believer 
in the gradual extensiou of the Tupi language and blood from the head- 
waters of the La Plata northward, quite to the Antilles and Baha- 
iiias.§ 

The second volume, entirely devoted to South American languages, 
contains over a hundred vocabularies, which are arranged iu allied 
groups exhibiting the affinity of tougues. Being of the utmost import- 
ance in tracing the relationship of nations, they furnish highly valuable 
material to the student of American ethnology. Many of these vocab- 
ularies are from manuscript soiu-ces. In rendering the aboriginal words 
the Latin, Portuguese, Germiiu, and French languages have been 
employed. The articles Pflajisennamen in der Tupi-Sprache\\ and Thier- 
namen in der Tupi-SpraclteJ^l first printed, respectively, in 185*8 and 1860, 
are republished with additions in this volume. 

Besides the above-mentioned ethnological essays reprinted in the 
Beitrage, Martins, as stated, has left some other coutributioas of kindred 
character, which appeared iu periodical publications. We give here the 
following titles translatetl into English : On the sculptures on Mount 
Gabia," near Bio Janeiro.** On Buschmann's work — " The traces of the 

* Contributions to the ethnography and philoloj^ of America, especioll; of Bnuil. 
t The poat and future of the American race. 

* On the civil and social condition of the aborieinefl of Broeil. 

i Id » letter which Mucins addressed, shortly before bis ^olb, to Dr. D. O. BHntoir, 
of Philadelphia, he expresses himself on this point even more decidedly than in the 
Beitrege. 

i Names of plants in the Tupi language. 

IT Names of animals in the Tupi language. 

" rrberdU ScalptartH anf dem Berge Gallia iti Bio itJantlro. (GeltkrU An*mgett,ld13, 
jVoj. *i. 311.) 

12 s n,5,t,7i.dt,G00gIc 
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Aztec laiigwnge in ?>ortlieni Mexico."" Tbe physical' conditioD, dis- 
eases, pliysiciiiDS, and remedies of the aborigines of Bmzil.t On the 
lircimration of the arrow-jioisoii Uruii among the Jurl Indians on the 
Bio Yupur^, in Xorth BraziLI Tlie creation of th^ Negro : a Brazilian 
legend.^ 



The time interveniiig between Professor Von Martius' retirement from 
official duties in 18a-t and bis death was to him no jieriod of reiwse; || 
on tlie contrary, having now more leisure at his command, he devoted 
himself exclusively to scientific laljors. Mneh of his'time was taken up 
in editing the JTom liramtienm, and his position as seeretary of the 
Royal Bavarian Ai'4ideiny demanded his constant care and attention. 
Only one year betore his death, at tlic age of seventy -four, he published 
tiie Beiirage, his most iniporUint contribution to American ethuolog:^-. 

Ue was one of those few whose merits are duly flckDowledge<l and 
appreciated during their lif^e-time. lie maintained intimate; i-elations 
with many of the most distinguished men of onr time, and most leaitied 
societies of note counted him among their members. Numerous works 
are dedicated to him ; his name is perpetuated in the scientific denomi- 
untious of plants and animals; even a mountain in New Zealand, Mount 
Martius, is called after him. Medals were struck in his honor, and 
erowiied heads manifested their esteem by deeoratuig him with the 
insignia of their orders. 

Martius enjoyed the Ibll possession of his mental faculties to the last 
moment of his life, and even his physical appearance betokenexl no con- 
siderable degree of decline; it was only during the years immediately 
preceding his death that bis altered teatures and somewhat stooping 
ligure indicated the changes which advanced age will proiluce upon the 
sttongest constitution. But the lively expression of his eye, his ani- 
mated conversation, and the interest he took in everything that |)asse<l 
around him, gave evidence of his utumpaired mental vigor. In the fall of 
1868, being then in his sevcnty-flfth >'ear, he made a journey to Berlin 
and Dresden U> visit his son and his old friends. He returned in good 
health, and nothing intimated his approaching end. But shortly alter- 
ward, having been exjiosed to a severe storm, he was attacked by a" febrile 
indis|x>sit ion, which, increasing, developed itself into inflammation of 
the lungs. His strength sank rapidly, and on the I^th of Deceml>er, 
1868, after an illness of nine days, his earthly career was closed by an 
easy death. Fresh palm leaves decorated, siguiUcantly, the coffin in 
which his mortal renmins were conveyed to their last place of rest. 

• Ceber ZtuwAinnan> ITerkr Die Synrea der A:letiKlKn fpracbe im HonHicA«n Maiko. 
(Gtl An., ISGO, JXo*. 41-43.) 

t Dai Xalunll, die KranldttHeii, dan Arzllhum nnd die Heilmittel 4ar TJrbetcohtter Bra- 
ntient. {ItHchner'a Itejierlorium tUr I'hannaeit, vol. 33, |i, !WJ, &c.) 

I CAer die BcrcilaHij Aen PfBilg\fteit i'raiihddfH Indianrrn JHrinam Rio YapnrdiH Xord- 
bnujften. (Bachner'g Rep. d. I'harm., vol. 33, IBJO, ji, 337, &c.) 

1839.) 
n " Der Rtiheitand Kiu- fiir iha kein Stand der Suhe."'~iii:laan<!i'a DeHkKhrifl, p. S4. 
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NOTICE OF THE LIFE AND SCIENTIFIC LABORS OF STEFANO 
MARIANINI. 



By Carlo Mattkucci, 
Fretideiu of Ue "Italiam Soeietg of Sciencen, fomtdtd hij Anton Mario Largna.' 



[ TraialaUd for the Smithwi'ian Imlitalion.'] 

It is not such a eulogy as is usually proDonuced for tlie members 
whom the Italiau Society of the XL may have loat that J at jireseut 
andertake. This several reasons forbid, uot the least of which is my 
own unskillfuluess in the polished style of composition which such laburs 
demand, joined to a conviction that the highest eulogy of those who 
have consecrated their lives to science consists in the record of the 
progress which it owes to their exertions, and the part reserved tor them 
in its history. I shall speak, therefore, with the utmost bi-evity of tiie 
simple habits, the pure and unassuming spirit, the integrity of character, 
and the great scientific activity of Marianini, although these Qnalitteti 
constitute in themselves the best cuIog>' of the man, and shall dwell at 
somewhat greater length on his principal labors in physics. 

Marianini was born at Mortani, a small town of Piedmont. lie was 
professor of physics at Venice, and more recently in the University of 
Moilena; he was a conesponduig member of the Institute of France, 
and president of the Italian Society of the XL for many ye^irs. 

The first work by which he attracted the attention of the learned was 
an Essay on electro-metrical experiment^,* a work which I remember to 
have heard spoken of, at tiie time, in terms of the highest praise by 
Arago. It appeared at "Venice in 1825. On account of the original ex- 
I>eriments with which it is replete we need not hesitate to pronounce it 
the most important production of the author. When it is considered 
that in various chapters of this essay all parts of electrodynamics and 
of the pile are treated by methods and with instruments which were, 
then barely beginning to be known, wo need not be surprised if the re- 
sults at which Marianini arrived at that time have not remained in 
science as he himself obtained them forty years ago. If we except the 
discoveries of elementary laws and of physico-mathematical theorien, 
this is the lot which befalls, after a certain number of years, even those 
who have opened new fields in physics. 

Marianini, in this essay, began by studying the relation between the 
intensity of the current of a battery and the extension of the ctements 
and tension of the electro-motors : that is to say, the number and nature 
of the pairs which compose the pile. lie then proceeded to experiment 
on the relative electro motive iwwer of conductors of the first class, and 
studied the phenomenon of the secondary' current, respecting whicii he 
baa left ns some valuable experiments. lu the third cliapter ot' the essay 
are comprised many original researches on the conductive capacity of 
liquids lor electricity. It is beyond doubt that this treatise marks a 
great progress in our knowledge on the most obscure and difficult points 
* SaggUt di eiperUnze efeiln>-in«(HdUL 
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of dyoamic electricity; and the discovery then made by Marianini, wliich 
may in some measure be ooDsidered aa the csperimeulal basis of the 
theory of Ohm, is still a fandamental oue, namely, that the action of 
simple electro-motive machines on magnets, to nse bis own words, is di- 
reotiy proportional to their surface, and that tu a circuit having a resist- 
anoe qua»i noil in comparison with that of the battery, the current of 
a pile of a single pair has the same intensity with that of any number 
of pairs whatever. 

lit the same chapter the author Btadies the phenomenon of metallic 
diaphragms interposed in a liquid stratum to the passage of the current. 
The catalogue which is given in the essay of conductors of the first class, 
according to the decreasing order of their relative electro-motive power, 
is established with much exitctness, and may even now be said closely 
to approximate the truth. 

In speaking of the conductibility of liquids, a subject in regard to 
which the physicists of our own day well know the difficulty of arriving 
at exact tneasnremeuts, Tttarianini proves for the first time, what has 
never since been contradicted, that the conductibility' of liquids increases 
with the temperature ; that this augmentjition is less in liquids endowed 
with a great conductibility, and that a heated liquid preserves for a certain 
time in growing cold a gin^ater conductibility than it first had at a given 
temperature. Here he finds by experiment that the resistance of a 
liquid stratum increases with the thickness of the stratum, and shows 
by many researches the augmentation of the effects of a battery by 
increasing the size of the plate of copper which incloses the zinc. There 
lu-o also contained in the chapter on the conductibility of liquids some 
experiments, among which I will cite, as worthy of being varied and 
extended, that of the conductibility communicated by certain salts and 
organic compounds to a liquid such as alcohol, which is itself scarcely 
a conductor. 

In 1826 MariaDtai read before the Atbeneum of Venice a memoir on 
liitter's battery, and on. secondary polarity^ in which by many well- 
devised experiments he more conclusively proved, what had been as- 
serted by Volte, that the polarities of secondary batteries depended on 
the alterations which the current of the pile pit>duces in the surface of 
the metallic disks of Ritter's column. In fact, after these disks have 
been washed and wiped dry. the column remains as active as before. 

Uore recently Marianini undertook the study of electro-physiological 
phenomena, and in the memoir presented to the Academy of Boveredo 
in 1827, and which was translated in the Annalea de phynque el de 
eiiimie, t. XL, p. 225, the experiments are described on which is founded 
the law, still known in Germany as the law of Marianini, that the elec- 
tric current in travei-sing the nerves iu the direction of their ramifica- 
tion, or the dJrect current, as Xobili called it, excites a contraction when 
it enters and a sensation when it ceases to pass ; and that, on the con- 
trary, when the current is inverse or traverses the nerves in the direction 
contrary to their ramification, a contraction is produced at the instant 
at which it ceases to pass, and a sensation at that when it begins to 
traverse the nerves. In this memoir, Marianini distinguishes the con- 
tractions produced by electricity into idiopathic contractions, which are 
excited whatever be the direction in which the current traverses the 
muscles, and sympathetic contractions depending on the direction in 
which the current traverses the motor nerves. In a second memoir, iu 
which he treats si>eciallyof the voltaic alternations, he shows that these 
d'.'iKmd ou the diminution of excitability of the nerves, produced by the 
pn.ssage of the current hi a certain direction. Among these experiments, 

e',oo;;lc 
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we mast not fail to recall that by which Miiiiiiiiini obtains tho shock at 
the opening of the circuit, altliongU in the net of closirijf the circuit by 
means of the finger or other unmoistened iHwly, this shock be not ob- 
tained. He Bnbaeqnently occupied himself with the* application of his 
studies on electro-phyaiology to thecurc of certain cases of paralysis, 
and is, perhaps, the only physicist who lias stiulied this snbject with 
snitable attention, and obtained by electricity the restoration in some 
cases of those afQict^d with this disorder. 

Among the nnmerous memoirs of Marianini, we must also cit« as 
worthy of remembrance and full of ingenious experiments, those with 
which he sought to sustain the theory of the electro-motive force of 
Volta and to combat the chemical theory of the pile. Although it be 
scarcely necessary to say that at present the latter theory is with reason 
generally embraced, there are, nevertheless, some experiments of Maria- 
nini which show that there arc certain oases in which distinct signs 
present themselves of the electro-motive fon-e as understood by Volbi, 
without the appearance of any iihenomena of chemical action to which 
those signs might be attribntwl. 

It remains, finally, to cite a long series of memoirs in which our col- 
league studied the magnetizing force of tho electric discbarge of the 
Ijeydeu jar, as well as the inductive discharges. For the prosecution 
of these experiments, Miirianiin commenced by inventing a re-electro- 
meter, as he called it, which even now might he of service in many 
researches, and which consists of au iron wire surrounded by one of 
TOpper winding spirally aliout it, and placed above a compass in a dire<'- 
tion peri»endicular to tho magnetized needle. A discharge from the jar, 
however weak, bow passes by the spiral and inaguetizes the iron wiiv, 
and the needle of the compass is deflected ; the <lirection of the deviation 
indicating the direction of- the discharge. In this inemoiragi'eat nnmber 
of experiments are described, by which it is jiroved that, after the mag- 
netization generated by an instantaneous discharge, if the magnetization 
be annulled either by mechanical means or by contrary discharges, the 
irou acquires a susceptibility of being magnetized in the first direction, 
and loses the susceptibility of being magnetized in the opposite direc- 
tion. The author has studied with much sagacity all the other con<li- 
tions of this phenomenon, namely, the thickness of the iron wires, 
the capacity of the Leyden jar from w&ich the discharge is obtained, 
and compares the effects of a bundle of fine iron wires with those of a 
la^c and full cylindrical wire. 

In continuation of these studies, Marianini proceeded to experiment 
on the effects produced by metallic envelopes in diminishing the mag- 
netizing action of electric ciirrent« on the iron placed in the interior of 
those envelopes, and demonstrated that the effects depend on the action 
of the inductive discharge tleveloped in the envelopes. He proceeded 
afterwards to the study of inductive discharges : discoveretl the induc- 
tions of the second and thini onler, which had been found at the same 
time by Henry, in America, and saw that the Leyden-electric induction 
was exertetl also between liijuid conductors. 

These notices, by which we have certainly had no thought of render- 
ing justice to the various labors of Marianini, will serve at least to show 
how assiduous and productive was the scientific life of our lamenteil 
colleague, and how admirable an example that life, jirolonged as it for- 
tunately was, ofiers, in its unobtrusive and tranquil course,, to the youth 
Df Italy — liow imi>erishable au honor it will always redeet upon our 
country. 

Floeesce, April 1, 13G7. ^-. , 
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ON THE CHEMISTRY OF THE EARTH. 



By T. Stbrry Hunt, LL. D., F. B. S. 



In the following pages I Iiave endeavored, at the reqoeat of Professw 
Henry, to give a brief sumniary of certain views in chemical geology 
which have been put forwiird by me in various scientific journals dur- 
ing the past twelve years, the germ of them liaving appeared in a com- 
munication to the Atnerican Journal of Science in January, 1853. In 
addition to the foot-notes, I nave appended a list of my principal pub- 
lications on the subject, where those who desire to follow up the varions 
questions here suggested will find tbem treated more at length. The 
last three of these papers are in part re[>rinted in the present abatracc. 
I take this occasion to say that the views herfe embodied will be devel- 
oped in a work on the chemistry of the globe, the preparation of which 
is now well advanced. 

T. STEEET HUNT. 

MoNTBEAi., January 6, 1870. 
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§ 1. Id approaching tbe study of the clietnistry of the earth, or what 
may be designated chemical geology, it becomes necessary to deflue ttie 
natural objects of that complex study to which is given the general 
name of geology, and also to consider its connection with the various 
sciences. To this end, some notions as to (he order and the relation of 
these sciences may not be out of place. Following the classification 
established by Comte, wedistinguish between the abstract sciences, which 
deal with laws, and the concrete seienccN, which have to do with things. 
In their order the abstract sciences form an ascending series, according 
to the degree of complexity of their phenomena, " so that each science 
I depends on the troths of alt those which precede it, with the addition of 
pecnliar truths of its own." — (J. S. Mill.) At the base of this series are 
thos placed — 1st, Mathematics, with its saccessive divisions of number, 
geometry and mechanics ; 2d, Abstract Astronomy, which considers, in 
addition to these, gravitation, taking cognizance of number, extension, 
equilibrinm, and motion ; 3d, Physicn, comprehending the laws of weight, 
cohesion, sound, light, electricity, and magnetism ; 4tli, Ghemiatry, which 
treats of the relations to one another of the different forms of mineral 
matter, and their transformations under the physical agencies of light, 
heat, and electricity ; 5th, Biology, or Physiology, to which belongs the 
I study of the laws of organieed growth and development; G\h, Psychology, 
I which considers the laws of mental phenomena; and, 7th, Sociology, or 
the laws of human society. 

§ 2. Parallel with these abstract sciences is a series of concrete or his- 
torical sciences, dealing not with laws and general principles, but with 
objects and facts. Of these concrete sciences the first is Descriptive 
Astronomy, which is the natural history of the planetary and stellar 
worlds, treating of their movements, dimensions, and eosmical relations. 
Coming, in the next place, to the history of our own planet, the study of the 
I'' accidents of its surface and its interior gives rise to Physical Geography 
,'\•^y^u^A to Structural and Dynamical Geognosy ; while the bodies which it 
'" ^teesenta to us are naturally divided into two great classes, the inorganic 
iSGS- V mineral kingdom, and the organic, including the vegetable and ani- 
ion, Mflid) kingdom. The study of these two classes gives rise to two great 
jgi^nches of natural history, Mijieralogy and (h-ganograpky, the latter 
^"^ iclading Botany and Zoology. The concrete science of mineralogy has ' 
(), V its subject the natural history of all the forms of unorganized mat- 
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t*r; that is to say, tliose substances which are exempt from biological 
laws, but come within the domain of ptijsics aad chemistry. Chemical 
change implies disorganization, au<i all so-called chemical species are 
inorganic, that is to Siiy, unorganized, and belong to the mineral king- 
dom, whose natural history' is thus physical and cliemical, while that of 
the vegetable and animal kingdoms is biological.* 

§ 3. It might, at first sight, seem foreign to onr present subject to 
speak in this connection of the moral, social, and [wlitical hi8tor>- of 
mankind, dejiendent ut>on the laws of psychologj- and sociology. It is, 
however, to he remarked, that while in the abstract order each science 
is independent of that which follows it in the sei-ies, it is far different iu 
the concrete sciences. This is seen in the familiar example of the de- 
pendence upon each otlier of the animal, vegetable, and mineral king- 
doms, and it is evident that man puts in movement af^ncies whieh are 
constantly at work modifying alike physical geography and the rela- 
tions of the mineral, vegetable, and animal world to such an extent that 
human history must not be disregarded in the study of the lower reigns 
of nature. 

§ 4. From what has gone before it will be evident that under the com- 
mon term of geology are generally confounded two distinct branches of 
stiuly ; tbe first Or abstract division being that of the [ihysieal, chemical, 
and biological laws wLich have preside^i over the development of the 
globe, and the second or concrete division, the nntural history of tho 
earth as displayed in its physical structure, stratigraphy, mineralogj', 
paleontology. The name of geognosy, emjtloyed by some authors, may 
very appropriately he retained for the latter, while that of geologj- is 
restricted to the former division. It is proiwsed in the following iMiges 
to consider hrietty some of the more important points in the chemiciil 
history of the globe ; in doing which it will be necessary to notice also 
its a^itronomical and physical history, and the relations of organic life, in 
so for as they are concerned in the chemical history of the earth in its 
various stages of development. The scheme thus embraced is so grea . 
that in the limits of the jiresent essay nothing more can Im attempted 
than a sketch which shall embrace some of the most striking facts in 
tbe history of the fonning globe considered as a condensing nebulous 
mass, in the chemistry of the air, sea, and eartli in past ages, and in the 
relations of the central heat to the sui>erftctal portions of the earth, by 
which we shall endeavor to explain certain facts in dynamical geology, 
such as the great movements of the earth's crust and the phenomena of 
earthquakes anil volcanoes. 

§ 5. The nebular hypothesis, as it is called, which supposes that our 
solar system and all tlic worlds of space have come from the condensa- 
tion of diffused vapors, has received strong conllruiation from the dis- 
coveries nia<le hy the spectroscojie. We now know that there exist in 
the heavens ncbuhe consisting of luminous gas ; that is to say, vaporous 
matter shining by its own light, which we may, with grciit probability, 
regartl as the primal matter out of which, as the elder Herschel sug- 
gested, suns and planets have been formed by a process of condensation. 
By the aid of the telescope and the spectroscope we find iu the heavens, 
planets — bodies like our earth, shining only by redected light; suns, — 
self-luminous, radiating light from solid matter ; and, moreover, true 
nebulie, or masses of luminous vapor. Tliese three forms represent 
three distinct phases in the condensation of the primeval matter, fiom 
which our own and other planetary systems have l>een formed. 
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Tliii^ nebulous mattei' is couceiv«dto be so intensely heated aa tobe iu 
the state of true gas or vapor, and, for tliie reason, feebly luminous 
wbeii compared with the sun. It would here be out of jtlace to discuss 
the detailed results of spectroscopic iuvestigatiou, or the beautiful and 
/ ingenious methods by which modem science has ^own the existence iu 
the Sim, and in many other luminous bodies in space, of the same chem- 
ical elements that are met with iu our earth. 

§ C. Calculations based on the amount of light ^d heat radiated &om 
the sun show that the temperaturewhich reigns at its surface is so great 
that we can hardly form an adequate idea of it. Of the chemical rela- 
tions of such intensely heated matter modem chemistry has made known 
to us some curious facts, which help to throw light on the constitution 
and luminosity of the sun. Heat, under ordinary conditions, is favor- 
able to chemical combination, but a higher temi)erHture reverses all 
affinities. Thus, the so-called noble metals, gold, silver, mercury, &c., 
unite with oxygen and other elements ; but these compounds are decom- 
posed by heat, and the pure metals are regenerated. A similar reaction 
was many years since shown by Mr. Grove with regard to water, whose 
elements— oxygen and hydrogen — when mingled and kindled by flame, 
or by the electric spark, unite to form water, which, however, at a much 
higher temperature, is again resolved into its component gases. Hence, 
if we had these two gases existiug in Eulmixture at a very high tempera- 
ture, cold would actually effect their coml>inatiou precisely us heat would 
do if the mixed gases were at the ordinary temperature, and literally it 
would be found that " frost performs the effect of fire." The recent re- 
searches of Henry SainteClaireDeville and others go f^r to show that this 
breakiug-u[> of compounds, or dissociation of elements by intense heat 
is a principle of universal application ; so that we may suppose that all 
the elements which make up the sun or our planet would, when so in- 
tensely heated as to be in that gaseous condition which all matter is 
ca|>able of assuming, remain uncombined, that is to say, would exist 
together in the condition of what we call chemical elements, whose fur- 
ther dissociation in stellar or nebulous masses may even give us evi- 
dence of matter still more elemental than tliat revealed by the experi- 
JDcnts of the laboratory, where we can only coiyecture the compound 
nature of many of the so-called elementary substances. 

§ 7. Thesun,then,istobeconceivedof as an immense mass of intensely 
heated gaseous and dissociated matter, so condensed, however, that not- 
withstanding itsexcessive temperature, it has a specific grarity not much 
below that of water ; probably offering a condition analogous to that 
which Cagniard <le la Tour observed for volatile bodies when submitted 
to great pressure at temjieratures much above their boiling ^loiut. The 
radiatiou of beat going on from tho surface of such an intensely heated 
mass of uncombined ga^es will produce a superficial cooling, which will 
permit the combination of certiiin elements, and the productiou of solid 
or liquid i>article8 ; these, nuspended in the still dissociated vapors, 
become intensely luminous, and form the solar photosphere. The con- 
densed particles, carried down into the intensely heated mass, again 
meet with a heat of dissociation, so that tho process of comliinatiou at 
the surface is incessantly renewed, while the heat of the sun may be 
supposed to be maintained by the slow condensation of its mass ; a dim- 
inution by yi^uth of its present diameter being sufficient, according to 
Helmholtz, to maintain the present supply of heat for twenty -one thou- 
sand years. 

% 8. This hypothesis of the nature of the sun and of the luminous 
process going on at its surface is the one lately put forward by Faye, 
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and, althoagli it has met with oppositiou, appears to be that wliicli ac- 
cords beat witli our present knowledge of tlie chemical and physical con- 
ditions of matter, such ae we most suppose it to exist in the condensing 
gaseous mass which, according to the uebular hypothesis, should form 
the center of our solar system. Taking this, as we have already done, 
tbr granted, it matters little whether we imagine the different planets 
to have been successively detached as rings during the rotation of the 
primal mass, as is generally conceived, or whether we admit with Cha- 
comao a process of aggregatiou or concretion operating within the 
primal nebular mass, resulting in the production of sun and planets. 
In either case we come to the conclusion that our earth must at one time 
have been in an intensely heated gaseous condition such as the suu 
now presents, self-lumiuous, and with a process of condensation going 
on at first at the surlace only, until by cooling it must have reached the 
point where the gaseous center was exchanged for one of combined and 
liquefied matter. 

§ 9. Here commences the chemistry of the earth, to the discussion of 
which the foregoing considerations have been only preliminary. So 
long as the gaseous condition of the earth lasted, we may suppose the 
whole mass to have been homogeneous ; but when the tempei'ature be- 
came 80 reduced that the existence of chemical compounds at the center 
became possible, those which were most stable at the elevated tempera- 
ture then prevailing, would be first formed. Thus, for example, while 
compounds of oxygen with mercury, or oven with hydrogen, could not 
exist, oxides of silicon, aluminium, calcium, magnesium, and iron might 
be formed and condensed in a liquid form at the center of the globe. 
By i)rogressive cooling, still other elements would be removed from the 
gaseous mass, which would form the atmosphere of the non-gaseous 
nucleus. We may suppose an arrangement of the condensed matters 
at the center according to their res|)ective specific gratuities, and thus 
the fact that the density of the earth as a whole is about twice the mean 
density of the matters which form its solid surface may be explained. 
Metallic or metalloidal compounds of elements, grouped differently from 
any compounds known to us, and far more dense, may exist in the cen- 
ter of the earth. The condensing efTect of pressure as we approach the 
center of the globe has, however, been reg^ed by some as far more 
than sufficient to account Ibr the considerable mean density of the planet, 
and, according to Dr. IToung, would be sufficient to reduce a mass of 
grauite, transported to the earth's center, to one-eighth of the bulk 
which it occupied at the surface, which would give to the earth a mean 
density equal to twelve or thirteen timesthat of water. This considera- 
tion has led a recent writer to conclude, with Herbert Spencer, that our 
earth and the other planets may be Only shells of varying thickness, 
inclosing a central cavity filled with vaporous matter, by which hypoth-' 
esis may be explained their apparently feeble density. It is, however, 
a matter of indifference, so far as our argument is concerned, whether 
the process of condensation commenced around such a central cavity, 
or at the center of the globe itself. 

§10. The processes of combination and cooling having goue on until 
those elements which are not volatile in the heat of our ordinary fur- 
naces were condensed into a liquid form, we may here iuquire what 
would be the result, upon the mass, of a further reduction of tempera- 
ture. It is generally assumed that in the cooling of a liquid globe of 
mineral matter, congelation would commence at thesurface^ as in the 
case of water; but water offers an exception to most other hquids, in- 



n,g,t,7l.dM,GOOglC 



CHEMI8TEY OF THE EARTH. 187 

asmach as it is deDser ia tfae liquid tbao in the solid form. Hence, ice 
flouts on water, and freezing water becomes covered with a layer of 
ice, whicli protects the liqnid below. Some metals and alloys resemble 
water in this respect. With regard to most ottier substances, and 
notably the various minerals and earthy compounds like those whicli 
may be supposed to have made up the mass of the molten globe, the 
case is entirely different. The numerous and detailed experiments of 
Charles Deville, and those of Delesse, besides the earlier ones of Bi- 
achof, nnite in snowing that the density of fused rocks is much less than 
that of the erystalline products resulting trom their slow cooling, these 
being, according to Deville, from one-seventh to one-sixteenth heavier 
than the fused mass, so that if formed at its surface they would, in 
obedience to the laws of gravity, tend to sink as soon as formed. 

^ 11. Tfae stony materials of the earth's crust then, unlike ice and cer- 
tain metals, expand in melting and contract in passing into the solid 
state. The melting of ice is a process of condensation, and hence pi-es- 
sure favors its liquefaction, causiug it to melt at a lower tenq>enituro 
than it would otherwise do; but for bodies with which melting is a pro- 
cess of expansion, pressure produces an op]>osite effect, namely, that of 
augmenting the fusing point. These conclusions of James Thompson 
and William Thompson have been experimentally verified by Bunseii, 
Fairbairn, and Hopkins. It results th>m this physical law that the 
effect of pressnro upon materials like molten rocks wotild be such that 
solidification at,a depth from the surface would take place at a temper- 
ature much higher than that i-equired for their solidification at t!ie sur- 
face. Hence, in opposition to the notion of a congealed layer, like a 
sheet of ice, resting upon the surface of a molten globe, Hopkins, and 
with him Scrope, supposes solidification to have commenced at the cen- 
ter of the liquid mass and to have adyauced toward the circumference. 
Mr. Hopkins concludes that tfae pressure existing at great depths must 
have induced congelation of the molten mass at temperatures at which, 
under a less pressure, it would have remained liquid. Before the lust 
imrtions became solidified, there was produced, it is conceived by Mr. 
Hopkins, a condition of im])erfect liquidity, pi'eventing the sinking of 
the cooled and heavier particles, and giving rise to a superficial crust, 
from which solidification would proceed downward. There would thus 
be inclosed between the inner and outer solid parts, a portion of 
uncongealed matter, which, according to him, may be supposed still- 
to retain its liquid condition, and to be the seat of volcanic action, 
whether existing in isolated reservoirs or subterranean lakes, or wliethcr, 
as suggested by Scrope, forming a continuous sheet surrounding the 
solid nucleus. 

§12. This view of the constitotion of the globe, or one analogous to 
iL has found favor with many theorists. Protessor K. S. inhaler, of 
harvard, who, in a recent essaj' on the formation of mountain chains, 
In the proceedings of the Boston Society of Natural History, has 
adopted it, concisely states it as follows: "Tfae earth consists of an 
immense solid nucleus, a hardened outer crust, and an intermediate 
legiou of comparatively slight depth, in an imperfect state of igneous 
fusion." In this connection it is curious to remark that, as lately pointed 
out by Mr. J. Clifton Ward, Halley was led, from the study of terres- 
trial magnetism, to a similar liypothesis. He supposed the existence of 
two magnetic poles situated in the earth's outer crust, and two others 
in au interior mass, sep:u-ated fcom the solid enveIoi>e by a fluid 
medium, and revolving, by a very small degree, slower than the 
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outer crust.* Tfae same conclusiou was subaequeutly luloptcd by Han- 

§ 13. Apart from these u>n8i(Ieratioa8, however, many of the best 
moderu physicists and geologists have foond tinmeroas reasons for 
rejecting the popular notion which regards oar globe as a liquid molten 
mass covered by a layer of twenty or thirty miles of solidified rock. 
The deductions of Hopkius from the jihenomeaa of precession and nnta- 
tion, those of Pratt &om the crushing force of immense mountain masses 
like those of the Himalaya, and those of Sir William Thompson from Ibe 
tides, showing the great rigidity of the earth, all unite to prove that 
the earth, if not solid to the center, mast have a Arm and solid crust 
several hundred miles in thickness. Under these conditions, if there 
still exist a liquid center, it must, so far as snperflcial phenomena are 
concerned, be as inert as if it were not. We are thus prepared to accept 
the couclnsions to which the line of argument In § 11 leads us, and admit 
that our globe solidified &om the center. 

^ 14. It is, then, with the superficial portions of the earth, alone, that 
we have to do from the moment of its solidification ; and as in the sab- 
sequent pages of our history air and water must play an important part, 
it becomes necessary, bofore going further, to consider briefly the nature 
of the process of a<iueous solution and its relations to pressure. Solu- 
tion may, for our present purpose, be defined as a chemical union between 
two or more bodies, of which one is liquid, resulting in a liquid product, 
and accompanied by a change of volume, f In ordinary cases, as in that 
of most bodies dissolving in water, this change is in the direction of con- 
densation, and hence, as might be expected, pressure exerts an iofiueiioe 
similar to that in the liquefaction of certain bodies by fusion^ explained 
in ^11. Pressure facilitates tfae liquefaction of ice, which is attended 
by condensation, and acts in like manner in the case of solution, so that 
the solubility of salts in water, as shown by the experiments of Sorby, is 
increased by pressure. We can scarcely doubt that these phenomena 
of fusion and solution come under one general physical law, and that 
for all those bodies which contract in dissolving, (to which there are 
but few exceptions,) their solubility in water must be augmented by 
and in proportion te the pressure. As expressed by Mr. Sorby, mechani- 
cal is thus converted into chemical force, f 

^ 15. Reverting now to the solidified globe, in wiiose superficial por- 
tions and in the surrounding gases and vapors were present all the 
chemical elements with which we have to do, it is necessary to consider 
briefly its physical and its chemical condition at this early period. 

The formation of a crust at the surface of the viscid layer which still 
enveloped the solidified mass of the globe, as conceived by Hopkins, 
is readily admissible; but that this process commenced when the remain- 
ing envelope of liquid matCer was yet so deep that the refrigeration up 
to the present time has not been sufiicieut for its entire solidification 
is not probable. 8ucli a crust on the cooling su]>erficiat layer would, 
from the. contraction consequent on the further refrigeration of the 
liquid stratum t>eueatb, become more or less depressed, corrugated, and 

• The clovatwl temperature of tho interior of the globe would probably otfer no ob- 
atacle to tho developnieut of ■magnetism. Jn a rectut osperiinunt of M. Trtvc, com- 
lUUDicated by M. Faye to the French AcoJemy of Sciences, it was found that moltca 
caat iron wben pouieil into a mold, aurronnded li^ a helix u'liieh was traversed by on 
elect rie current, becaoio a stroug magnot when hquid at a t«nipcratiiro of 1,300j C, 
and rotaineil its magnotism R-bLlu cooliug. {CoBiplei-lteiidiu de VAcadimit tie* Sdtnca, 
Febmory, 1«0.) 



t T. S. Hnnt, Thonghta on Solution, Amcrienn Journal of Seience, [2.1 xis, 100. 
.„_... ^__ , -^ iiir 1863, L. E. and D, PbiloMophical Magazine. February, 1864. 
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broken ap, thui* causing the extravasatron of the yet unsoluUfied portion, 
which would contribute to the vast amount of mineral matter bront(ht 
within the chemical influences of the Burroutidiiig atmosphere. Further 
contraction from cooling would render this mnteritil more or less porous 
and permeable, preparing it for that process of con)bine<l mechanical 
and chemical disintegration which would result from the action of the 
acid liquids aflerwanls to be precipitated from the atmosphere. 

§ 16. We have next to consider the chemical constitution of this irregu- 
lar surfaced and broken-up crust of anhydrous and primitive igneous 
rock, which is now everywhere buried beneath the products of its disin- 
tegration. It is evident that, with the exception of those which were 
still in a gaseous form, it must have contained all the elements which 
now make up the known rocks of the earth's crust. If we couceive these, 
together with the air, the ocean, and ite dissolved salts, now to react 
upon each other under the influence of an intense heat, it will enable us 
to form some notion of the chemical relations of the elements of the 
globe at the time when they were cooling down from that condition of 
Igneous vapor which we suppose to have been that of our planet at an 
early stage in its history. To the chemist it is evident that firom such 
a process applied to our globe wonld result the osidatlon of all carbona- 
ceous matter, the conversion of all carbonates, chlorides, and sulphates, 
into silicates, and the separation of the carbon, (ihloriue and sulphur in 
the form of acid gases, which, with nitrogen, watery vajwr, and an exC'CSS 
of oxygen, would form an exceedingly dense atmosphere. The resulting 
fused mass would coutain all tlie bases as silicates, and would probably 
nearly resemble iu composition certain furnace-slags or biisic volcanic 
glasses. Such we may conceive to have been the nature of the primitive 
igneous rock, and such the composition of the primeval atmosphere, which 
must have been one of very great density. Under the pressure of a high 
barometric column condensation would take place at a temperature 
much above the present boiling point of water, and the lower levels of 
the half-cooled crust would be. drenched with a highly heated solution 
of hydrochloric acid, whose decomposing action would be iiowert'nlly 
aided by the temperature. The formation of chlorides of the various 
bases, and the separation of silica, would go on until the affinities of the 
acid were satisfied, while there would result a sea-water holding in the 
solution^ besides the chlorides of sodium, calcium, aud magnesium, salts 
of aluminum and other metallic bases. At a later period the gradual 
combination of oxygen with sulphurous acid would eliminate this from 
the atmosphere in the form of sulpliuric acid. The atmosphere l>eing thus 
deprived of its Volatile compounds of chlorine and sulphur, wouM ap- 
proach to that of our own time, but differ in its much greater amount 
of carbonic acid. It will be remarked that from the affinities which 
would come into play in tiie conditions above supposed, all the elements, 
with the exception of the noble metals, nitrogen, chlorine, the relateil 
haloids, and the hydrogen combined with these, would bo united with 
oxygen. The volatility of gold, silver, and platinum, would keep them 
still in a gaseous condition at temperatures where silicon, and with it 
the baser metals, were precipitated in the fbrm of oxides. 

§ 17. The process just described ceased with the separation from the 
nir of the rx>mpounds of sidphnr and chlorine, aud then commenced 
the second stage in the action of the atmosphere on the earth's crust, 
by which, under the influence of carbonic acid and moisture, its com- 
plex aluminous silicates are converted into a hydrated silicate of alum- 
ina or clay J while the separated lime, uiagnesia, and alkalies, being 
changed into bicarbonates, are conveved to the sen ia a state of solution. 

e',oo;;lc 
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The first effect of these dissolved carboiiatvs would be to precipitate 
the dissolved alumina and the heavy metals, after which came the de- 
composition of tlie chloride of calcium and the formation of carbonate of 
lime acd chloride of sodium.. This action of carbonic acid iKHtitl going 
on at the earth's surface, slowly breaking down and destroyiug the 
hardest rocks, and, aided by mechanical processes^ transforming them 
into clays ; although the action, from the comparative rarity of carbonic 
acid in the atmosphere, is now less energetic than in earlier times, when 
the abundance of this gas, and a higher temperature, favored the 
chemical decomposition of the rocks. But now, as then, every clod of 
clay formed trom the decay of a crystalline rock corrcKpoiided to an 
e<iuivalent of carbonic acid abstracted from the atmos])licrc, and to 
equivalents of carbonate of lime and common salt formed from the 
chloride of calcium of the sea- water. 
' It is very instructive, in this connection, to compare the compo.sition 
of the waters of the modern ocean with that of the sea in ancient times, 
whose composition we learn from the ibssil sea-waters which are still to 
be found in certain regions, imprisoned in the ])oresoftheolderstr.itifled 
rocks, ami are the source of mauyof onr salincmineral waters*. These 
are vastly richer in salts of lime and magnesia than those of the present 
sea, from which have been separated, by chemical processes, all the car- 
bonate of lime of our limestones, with the exception of that derived from 
the sub-al'rial decay of calcareous and magnesiau silicates lielonging tit 
the primitive crust. 

§ 18. The gradual removal, in the form of carbonate of lime, of the 
carbonic acid from the primeval atmosphere, has been connected with 
great changes in the organic life of the globe. The air was doubtless 
at first unfit for the respiration of warm-blooded animals, and we finti 
the higher forms of life coming gradually into existence as we approach 
the present jteriod of a purer air. Calculations base^l uitou the proba- 
ble amount of limestone in the earth's crust, lead us to conclude that 
the amount of carbon thus removed in the form of carbonic acid has 
been so enormous, tbat we miLst suppose the earlier forms of air-breath- 
ing animals to have been i>eculiarly adapted to live in an atmosphere 
which would probably be too impure to support modem reptiliau life. 

Growing plauts under the stimulus of light possess, as is well 
known, the power to absorb carbonic acid, appropriating the carbon aiul 
liberating oxygen. The imjiortauce of this agency in purilying the 
primitive atmosphere was long since pointed out by Brongiiiart, and 
our great stores of fossil fuel have been derived from the decomposition, 
by the ancient vegetation, of the excess of carbonic acid of the early 
atmosphere, which, through this agency, was exchanged for oxygen gas. 
In this eoiniection the vegetation of former periods presents the curious 
phenomenon of plants allied to those now growing l>eneath the tropics 
flourishing within the polar circles. Many ingenious hypotheses have 
been proposed to account for the warmer climate of earlier times, but 
are at best unsatisfactoiy-, and it would npi>ear that the true solution 
of the problem may be found in the constitution of the early atmosphere, 
when considered in the light of Dr. Tyndal's beautiful researches on 
radiant heat. He has fouud that the presence of a few hundredths of 
carbonic acid gas iu the atmosphere, while offering almost no obstacle 
to the passage of the solar rays, would suffice to prevent almost entirely 
the loss by radiation of obscure heat. 

The aqueous va^wr which our atmosphere contains exerts a powerful 
o ttie ChomUti; of Nataral Witters, Anioricau Jonmol 
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iD&aence of the same kind, allowing tbe sun's rayo to reitch the earth, 
but preventing to a great extent the loss by radiation of the heat tlnia 
comntunicated. When, however, the snpply of beat from the sun 18 in- 
terrupted at night, the radiation which goes on into space causes the 
precipit»tion of a great part of the watery vapor from the air, and the 
earth, being thus deprived of its protecting shield, becomes more and 
more rapidly cooled. If now we could suppose tbe atmosphere to be 
mingled with some permanent gas which should possess an absorptive 
power like that of aqueous vapor, this cooling process would be in a 
great measure arrested, and an effect would be produced simitar to that 
of a screen of glass, which keeps up the temperature beneath it, both 
directly by preventing the escape of radiant heat, and indirectly by 
hindering the condensation of the aqueous vapor in the air confined be- 
neath. Such a gas is carbonic acid, and the large amount of it which 
existed in the atmosphere during former geological periods must have 
aided greatly to maintain the elevated temi>erature9 which then existed 
at the earth's snrfaee. Without doubt the greater extent of sea and tbe 
absence or rarity of high mountains contributed much to the mild cli- 
mate of former geologic ages; but to these must be added the intluenee 
of tbe whole of tbe carbon since condensed in the forms of carbonate of 
lime and coal, which then existed as a transparent and |>ermanent gas 
mingled with the atmosphere surrounding the earth, and protecting it 
like a dome of glass. To this effect of carbonic acid it is [wssible that 
other gases may have contributed. The ozone which is mingle<] xritli 
the oxygen set free from growing plants, and tbe marsh-gas which is now 
evolved from decomposing vegetation, may, by their absorptive powers, 
'which are far greater than that of carbonic acid, have contributetl 
greatly to maintain a high temperature at tbe earth's surface in early 
times." 

§ 19. The part wbicli veget-atiou has played in tbechemical history of the 
globe has not been limited to the purification of the atmosphere. It 
seems to have been the great agent through which solar force has efftscted 
a partial deoxidation of the thoroughly burned or oxidized materials of 
tbe primitive world. By means of growing plants carbonic acid and 
water are reduced, giving rise to the various forms of carbon and to 
hydrocarbonaceous bodies, and these have been the agents by which tbe 
sulphates of the metals have been deoxidized, and sulphur, native 
metals, and metallic sulphides produced. It is moreover by the reducing 
action of decaying organic matters that tbe peroxide of iron is partially re- 
duced and removed in a soluble form from sediments, to be afterwards 
deposited in the form of iron ore. The evidences of this reducing and 
dissolving action of organic matter are met with not only in the fire- 
clays and iron-stones of the carboniferous system, and among secondary, 
tertiary, and modeni deposits, but on a grand scale in tbe Laurentian 
-system, where great thicknesses of sediments are found almost destitute 
of iron, wliile beds of iron ore more extensive than at any subsequent 
periotls are evidences of tbe abundance of organic matters at that early 
time. If these are not more frequently preserved in the form of an- 
thracite and graphite, it is because the amount of peroxide of iron dif- 
fused through the sediments of the period furnishetl the oxygen neces- 
sary for the oxidation of the carbon. Inasmuch as the ores of these old 
rocks, in their present forms of hematite and magnetite, are very insolu- 
ble, and represent so much iron withdrawn from the terrestrial circula- 
tion, it is evident that the proiwrtion of this element, existing in a dif- 

*T, S.Hunt,OD the Earlli'N Climate, et«., American JournaJ of Science, [S,]sncvi,39G, 
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fnaed and oxidized state in recent eedimeuts, must be less in tbose of 
more remote times.* 

To the chemist the presence of graphite, or of a metallic sntpliide in 
a rock, affords clear evidences of the intervention of organic life ; and 
these indirect evidences are met with not only in the oldest known strati- 
fied rocks, those of the Laurentian system, bnt in the eruptive 
(liorites, which rise from beneath tliem, and are pyritiferons. The presence 
of graphite, native iron, and sulptmrets in most aeroliteo, not to mention 
the hydrocarbonaceons matters which they sometimes contain, tells as 
in unmistakable langaage that these bodies come from a region where 
vegetable life has performed a part not nnlike that which still plays on 
our globe^ and even lead us to hope for the discovery in them of organic 
forms which may gi^e lis some notion of life in other worlds than oar 
own. 

§20. Animal life has played in the chemical history of our planet s 
part much Jess important than vegetation, since it is entirely depend- 
ent for support npop the products elaborated for it by plants, and by 
chemical forces. Thus, although many limestones are made np chiefly, 
and even wholly of the calcareous remains of marine animals, these 
did no more than appropriate from the water the carbonate of lime 
generated by the chemical actions explained in §17. If the waters of 
the present ocean do not deposit carbonate of lime, it is simply because 
the amonnt of it now generated by the slow decomposition of the solid 
rocks is not more than is required for the living organisms which it cou- 
tains. Let these become extinct and the supply of carbonate of lime, 
which woald still continae, wonld soon cause deposits of precipitated, 
carbonate of lime. Snch a condition of things existnig in past ages, in 
limited basins, has given rise to sediments of this kiml, which constitute 
some of the finest statuary marbles. 

The waters charged with the products of the sub-aerial decay of rocks, 
convey to the sea, as we have seen, bicarbonates of alkalies, lime, Mtd 
magnesia ; bnt from the reaction of these on the chloride and sulphate of 
calcium in the ocean waters carbonate of lime alone separates, since bi- 
carbonate of magnesia dteomposes chloride of calcium with formation 
of magnesian chloride. When, however, in a closed sea basin all of the 
chloride of calcium is decomposed, the chloride of magnesium is attacked 
by the alkaline carbonates, and the resulting carbonate of magnesia is 
separated, mixed with the carbonate of lime which had accompanied 
these. 

When into a similar closed basin, or an evaporating salt lake in adr^' 
region, holding sulphate of magnesia, there is conveyed a water charged 
with bicarbonate of lime, there results a double decomposition, giving 
rise to sulphate of lime and bicarbonate of magnesia. The latter, being 
the more soluble salt, remains dissolved, while the snlpbate of lime crys- 
tallizes out in the form of gj-psum, but at a later period is deposited as a 
hydrated carbonate of magnesia, generally mixed with carbonate of lime. 
To effect this reaction it is necessary that there should be present such an 
excess of c»rbonic acid as to keep the magnesia in the condition of bi- 
carbonate until the gypsum has crystallized out, inasmuch as dissolved 
sulphate of lime is readily decomposed by carbonate of magn^ia. This 
condition can only be attained by especial precautions in the atmosphere 
of onr periml ; but by operating in an atmosphere more highly charged 
with carbonic acid, the production of gypsnm and magnesian carbonate 
by this reaction is readilj' effected. We may hence conclude that it 
was the more highly carbonated atmosphere of early periods which 
■ Oeolog; of Canada, 1663, p. 573. 
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favored the accnmul»tioD of tbd great beds of gypsum and mngnesisn 
Uxnestoues which generally accompany the salt deposits of past geologi- 
es periods. The hydrated magnesian carbonate, whether the con- 
comitant of gypsiuu, as in this case, or of chloride of sodium, as in the 
former reaction, unites chemically with the associated carbonate of lime, 
uid gives rise to dolomite or magnesian limestone.* 

§ 21, The action of carbonated alkaline waters on me sa^ts of the sea 
under ordinary conditions thus gives rise to carbonate of lime, and it is 
only nnder peculiar circumstances that mugnesian carbonate is sep- 
arated. The case is, however, changed with silicated alkaline waters 
coming from deep seated silicated rocks, which undergo a decomposi- 
tion without the intervention of the atmospheric air, and hold dissolved 
silicates of alkalies and of Ume. These reacting on the magnesian salts 
dissolved in sea-water give rise to magnesian silicates, which are very 
insoluble. Hence we frequently find deposits of magnesian silicates 
in sediments, while silicates of lime are comparatively rare. In the 
solubility of bicarbonate of magnesia and the insolubility of the cor- 
responding lime salt, and in the insolubility of magnesian silicate and 
the solubility of silicate of lime, we find a simple explanation of the geo- 
logical relation of calcareous and magnesian silicates and carbonates.! 

1 22. The relations of the alkalies, potash and soda, require some 
consideration in this connection. The silico-aluminous compounds ot 
potash imssess a much greater degree of stability than those of soda. 
This is exemplified in the case of rocks which contain, side by side, 
orthoclase and olbite, or oligoclase, when it is often found that the soda- 
feldspar has undergone decomposition from a loss of a portion of its 
alkali and partial disintegration, while the orthoiilase or potash-feldspar 
remains unchanged. It is well known that waters holding large portions 
of potash salts in solution, exchange the potash for soda when filtered: 
through a stratum of earth in which the amount of potash is, ncverthe- 
lees, as great or greater than Jhe soda ; and we find that in natiunl spring- 
waters, which often contain considerable junounts of alkaline carbonates,, 
the proiKjrtion of potash to the soda is as small as in the ocean. Sur- 
face-waters bearing the unflltered wash of the land carry considerable 
portions of potash to the sea, but it is constantly removed, partly, afc 
least, by the agency of flicoids, which, as Forchammer has shown, like 
land-plants, take up large amounts of potash, and subsequently, by 
their decay in contact with the argillaceous mud, restore the alkali in an 
insoluble form to the earth. The formation of glauconite, a peculiar 
silicate rich in potashj which has been going on in the bottom of the sea 
from a very early period to the present time, has also been constantly 
withdrawing the potash from the ocean, so that soda is still the predomi- 
nant base in its waters. 

§ 23. The changes of silicated rocks under the influence of water, 
carbonic acid, and the products of decaying organic matter, present 
several points of interest. The chemical decomposition of feldspars con- 
sists in the removal of their protoxide bases, alkalies, and lime, together 
with a portion of silica, leaving as a final result a hydrous silicate of alu- 
mina or clay. This change is fUvored by mechanical division, and Dan- 
br^ has shown that by the prolonged attrition of the particles of granit« 
under water, the softer and Clearable feldspar is, in great part, reduced 
to an impalpable powder, while the uncleavable quartz forms rounded 
grains of sand, the water at the same time dissolving from the feldspar a 

*T. B. Hunt, On tho Salts of Lime and Magneeiu. Ameiican Joamal of Science, [9,] 
xlii, 49. 
t T. S. Runt, American Jonnial of Science, [2,] si, 40. 
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certain portion of alkali and silica. Th% soda-feldsparo, being more easilj 
decomposed and disintegrated by atmospheric inflnences, are broken np 
by mechanical agencies more readily than the potash-feldBpar. The same 
is trne of silicates like hornblende and pyroxene, which are less hard than 
the feldspars. From the mechanical and chemical disintegration of 
ordinary crystalline rocks, which consist chiefly of these varioua minerals, 
together witii qu^; t^, there will residt a coarse sandy sediment, in which 
qnartz with more or less orthoclase will prevail, while the finer mud 
will contain only the more minutely divided particles of these, together 
with partially decomposed soda-feldsp^, day, and the comminuted 
hornblende and pyroxene. 

5 24. This process is evidently one which must go on in the wear- 
ing away of rocks by oqaeons agency, and explains the feet that' while 
qnartz, or an excess of combined silica, is, for the most part, wanting in 
rocks which contain a large portion of alumina, it is generally abundant 
in those rocks in which potash- feldspar predominates. The coarser and 
more silicious sediments are readily permeable to infiltrating waters, 
which gradually remove from them the soda, lime, and magnesia which 
they still contain, and, if organic matters intervene, the oxide of iron, 
leaving at last little more than silica, alumina, and potash, the elements 
of granite, trachyte, gneiss, and mica-schist. On the other hand, the finer 
sediments, whose origin, simultaneous with the coarser, we have jnst 
explained, resisting the penetration of waters, will retain all their soda, 
lime, mafi^esia, and iron-oxide, and containing an excess of alumina, 
with a small amount of silica, may, by their metamorphism, give rise to 
basic lime and soda-feldspars, and to pyroxene and hombleude — the 
«1ementH of diorites and dolerites. 

I 25. The disintegration of alkaliferons rocks, however, fi^uently 
takes place under such conditions as to be more mechanical than chemi-- 
cal,aud it may often happen that sediments still retaining aconsiderable 
amount of combined soi^ become mingled .with carbonates of lime and 
magnesia. The reaction Which then goes on between the lil)etated 
alkaline silicate and these earthy carbonates gradually efiect^ the con- 
version of those into silicates^ while the alkali is eliminated in the form 
of soluble carbonate of soda, giving rise to alkaline mineral waters, which, 
as I have shown, are abundantly generated in sediments where teldspathic 
matters and earthy carbonates are intermingled. It is only from rocks 
destitute of these carbonates that sihcated alkaline waters can issue. 

§ 26. A decomposition more exclusively diemical is observed particn- 
larly among the crystalline schists of tropical and semi-tropical regions, 
where a process of disintegration often destroys the cohesion of the 
rocks to a considerable depth. This change, which has been but imper- 
fectly studied, is probably dependent in great part on the action of the 
soluble products of vegetable decomposition, aided by the elevated tem- 
perature. It, however, requires careful investigation; and a considera- 
tion of the causes which have induced it. uid the extent to which it may 
have in former periods prevailed on the earth's surface, is of great geolo- 
^cal importance, since the immense erosion of which geognosy affords 
ns evidence, and which seems so difficult to explain if we conceive the 
rocks to have been as bard as we now find them in many regions, becomes 
more easily Jntelli^ble if we suppose the cohesion of the crystalline rocks 
to have been previously mnch weakened by decay. 

§ 27. The operation of the mechanical and chemical ag^icies which pre- 
side over the disintegration of pre-existing rocks naturally divides the 
Insoluble products into two types, approaching in chemical compositiim, 
as we have shown, to granites, gneiss, and micaraohiat, on theone hand. 
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and to diorites and dolerites on the other. Theae correspoud to the two 
classes of igneoos rocks designated by Bansen as the trachytic and 
pyroxenic types. 

§ 28. There is, however, a third source of siUcate^i rocks, to which 
some alltiBion has already been made in peaking of the production of 
magnesian silicates by direct precipitation, as the result of chemical 
changes in solutions. In this way have been formed, besides these and 
related protoxide silicates, other silicates, including alumina. This base 
in certain conditions as yet but imperfectly understood, passes into 
eolation In water, and has given rise to complex silicates, including pro- 
toxide bases. As I have elsewhere expressed it, not only steatite, pyrox- 
ene, hornblende, and serpentine, bat chlorite and, in many cases, garnet 
and epidote, have had their origin iu the crystallization and molecular 
re-arrangement of natural silicates, generated by chemical processes in 
squeons solutions at the earth's surface. To these must be abided other 
silicates, containing alkalies, chiefly potash, such as glaueonite, and a 
hydrous silicate of alumina and potash which has the composition of 
pinite or agalmatolite and forms bwis in the sedimentary rocks of dif- 
ferent geological periods. Evidences abound of the solution of nluminn, 
and of the generation, as chemical precipitates, of various aluoiiniferons 
silicates. These, like the similarly-formed protoxide silicates, are in 
most, if not all cases, highly basic, and moreover, from the mechanical 
conthtions of their production and deposition, are found associated and 
even intermingled with the flnely-divided basic sediments of mechanical 
origin. The aluminone silicates thus formed, though mineralogically 
important, are probably small in amount when compared with the great 
mass of argillaceons sediments. 

^ 20. The chemical changes which are wrought in the silicated rocks 
during their mechanical disintegration are, as we have seen, chiefly the 
elimination of the alkalies, especially the soda, in a soluble form from 
its aluminous componnds, and the separation and accnmalatiou of the 
oxide of iron. The decomposition of the silicates of lime and magnesia 
which takes place is, to a great extent, compensated for by the regene- 
ration of similar compounds by the reaction already explained, but the 
mean composition of the argillaceous sediments of any geological epoch 
will depend not only upon the age of a formation, but upon the number 
of times which its materials have been broken up, and the length of the 
periods daring which they have been exposed, in an unmetamorphosed 
condition, to tne action of water, carbonic acid, and vegetation. If, how- 
ever, we may assume that this action, other things being equal, has on 
the whole been most complete in the newest formations, it is evident 
tiHat the chemical and mineralogical composition of different systems of 
rocks mnst vary with their antiquity, so that we may find in their com- 
parative study a guide to their respective ages. Silicions deposits, and 
chemical precipitates, like the carl>ooates and silicates of lime and mag 
nesia, may exist, with similar characters, in the geological formations of 
any age, • not only forming beds apart, but mingled with the less perme- 
able ailico-aluminons sediments of mechanical origin. Inasmuch as the 
chemical agencies giving rise to these componnds were then luostactive, 
they may he expet^ed iu greatest abundance in the rocks of the earlier 
periods. In the case of the more permeable and more highly silicions 
sediments already noticed, (§ 24,) whose principal elements are silica, 
alumina, and alkalies, the deposits of different ages will be marked 
chiefly by a progressive diminution in the amount of pob^li and in the 
e of the soda which they contain. In the oldest or least 
* 0«oloft7 of Canodn, Report, IS66, page 330. 
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lixiviated rocks the proportion of alkidi will be nearly or quite sufficient 
to form ortboclase or albite with the wbole of the alnmiaa present, bnt 
as the alkali diminishes, a portion of the alumina will crystallize, upon 
tbe metaniorpbism of the sediments, in the form of a potasb-mica, sucb as 
musvovite or margarodite. While the oxygen-ratio between the alum- 
ina and the alkali iu tbc feldspars Jnst named is 3:1, it becomes 6:1 in 
margarodite and 12:1 ill musco^ite. The appearance of these micas in ao 
aliuuiuous rock denotes, then, a diminution in the amount of alkali, until 
iu some strata the feldspar almost entirely disappears, and the rock be- 
comes a quartzose mica-schist. In sediments sdll further deprived of 
alkali, mctamorphism gives rise to schists filled with crystals of kyanite or 
of andalusit«, simple silicates of alumina, into which alkalies do not en- 
ter, at least in noticeable quantities; but, in case the sediment still retains 
oxide of iron, staurolite and iron-gamet take their place. The matrix 
of III) these luinerals is genemlly a micaceous schist. The last term in 
(Jiis exhaustive process api)ears to be represented by the distheue and 
pyropbyllite rocks which occur in some regions of crystalline schists. 
In conformity with what has just been pointed oat, it will be seen that 
these aluminous silicates destitute of alkalies do not occur in the oldest 
known sediments; in those of the Lanrentian system, in which also mica 
is fonnd in comparatively small quantities, nearly all the alumina present 
being in the form of ortlioclase or albite,* 

§ 30. By metamorphism in geology is understood tfae change of chem- 
ical and mechanical sedimentary deposits into crystalline stratified 
rocks. The conversion of these sediments into definite mineral species 
has been effected in two ways: First, by molecular changes — that is to 
say, by a crystalline arrangement of particles of definite compounds 
previously formed ; and, secondly, by chemical reactions between the ele- 
ments iu heterogeneous sediments, giviug rise to new compounds, which 
become crystalUne iu tiieir turn. Pseudomorphism, which* is the change 
of one mineral species into another by the introduction or the elimina- 
tion of some clement or elements, presupposes metamoqihism, since only 
definite mineral species CiUi be the subjects of this process. To confound 
metamori>hism with i>seudomorphisni, as Biscbof and others aft'cr him 
have done, is therefore an error. It may be further remarked that 
although certain pseudomorpbic changes may take place in some min- 
eral species oxistiug in veins and near to exp(^ed surfiices, the alteration 
of great masses of silicated rocks bysucba process is as yet an unproved 
hypothesis. 

§ 31, Tbc cases of local metflmori>hism in proximity to intrusive rocks 
go far to show, in opposition to the views of certain geologists, that 
beat has been one of the necessary conditions of the chemical change. 
The source of this heat is generally admitted to be &om below, but to 
the hyiHitbesis of alteration by ascendiug beat Ifanmanii has objected 
that the inferior strata in some cases escape change, and tbat^ in descend- 
ing, a certain plane bmits the metamorphism, separating the altered 
strata above from the unaltered strata beneath, there being no apparent 
transition between the two. This, taken in connection with the well- 
known* fact that in many cases the intrusion of igneous rocks causes no 
apparent change iu the adjacent unaltered sediments, shows that heat 
and moisture are not the only conditions of metamorphism. I showed, 
by experiments in 1857, that, in addition to these couditions, certain 

* For a diacQssioD of this snl^ect see my paper on The Cbeiaical and Miaeialogiol 
BclutiODSof Metamorpbio Rock^Dublia Quarterly Journal of Science, July, I8G3; alaa 
Geolngj of Cunada, 1863, page 561, aod chap. XIX, of tbo some work. 
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chemical reagents nigbt be necessary, and tbat water impreguated mtit 
alkaline c^rbouates and silicates would, at a temperature not above 100° 
.centigrade, produce chemical reactions among the elements of many 
sedimentary roclcs, dissolving silica and generating Tarions insoluble 
ailicates.* Subsequent experiments by Daubn^e confirmed these i-esults 
of mine, and both together showed the agency of heated alkaline waters 
to be suflScient to effect the uietamorphism of sediments by the two 
nodes already mentioned, namely, by molecular changes and by chem- 
ical reactions. 

§ 33. Daubn^e further showed, by bis obser^'ations on the thermal 
alkaline spring at Plombiercs, that its waters, at a temperature of 70'^ 
ceutigrade, had in the course of centuries given rise to the formation of 
zeolites and other crystalline silicated minerals among tlie bricks and 
mortar of the old Itoman baths. The influence of similar waters may 
account for many cases of local metamorphism, but is utterly inadequate 
to explain the complete and universal alteration of great areas of sexli- 
mentary rocks, embracing many hundreds or thousandsof square miles. 
On the other hand, the study of the origin and distribution of mineral 
springs shows that alkaline waters, whose action in metiunorphism 1 
first pointed out, and whose efficient agency DaiibriSo has since so well 
shown, are confined to certain se^limentary deposits and to de&uite 
strati^pbical horizons, above and below which saline waters wholly 
different in character are found impregnating the strata. This fact 
offers a simple solution of the diflaculty advanced by Nuumann, and a 
complete explanation of the theory of mctamorphism of deeply-buried 
strata by the agency of ascending heat, which is operative in producing 
chemical changes only in those strata in which soluble alkaline salts are 
present 

§ 33. We have said that the mctamorphism of sediments includes both 
c']eniical and crystal logenic changes. The gradual trausfomiatiou o( 
amorphous precipitates under wiit«r into crystalline aggregate's, so often 
observed in the laboratory, appeara to dejiend upon partial solntion and 
re-deposition of the material, which must not be entirely insoluble in the 
surrounding liquid. If the solvent power of this be reduced, the dis- 
solved portions are deposited on certain particles rather than others. 
By a subsequent exaltation of the solvent power of the liquid, solution 
of a further portion takes place, and this, in its turn, is deposited 
around the nuclei already formed, which are thus augmented at the 
expense of the smaller (tarticles, until these at length disappear, being 
gathered to the crystalline centers. Such a ))rocess, which lias been 
studied by H. Deville, suiSces, under the influence of toe changing tem- 
perature of the seasons, to convert many fine precipitates into crystal- 
line aggregates, by the aid of liquids of slight solvent powers. A simi- 
lar agency may be supposed to have effected the crystallization of buried 
sediments, and changes in the solvent power of the permeating water 
might be due either to variations of temperature or of pressure. Simul- 
taneously with this process one of chemical union' of heterogeneous 
elements may go on, and in this way, for example^ we may suppose tiic 
carbonates of lime and magnesia become nnited to form dolomite or 
magnesian limestone. ($ 20.) 

§ 34. When the sedimentary strata have thus been rendered crystal- 
line by metamori>hism, their |>ermeability to water and their alteral>ility 
thereby become greatly diminished ; and it is only when again broken 
down by mechanical agencies to the condition of soils and sediments 
that they once more become subject to the chemical changes which have 

* T. 8. Uuiit, Americiui Journal of Scioncv, lU,"} xxiii, 407 j xxv, !W7-43tOQlc 
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been described in § 23. While the crystalline stratified rocks are but 
Blightly porous the analt«red strata hold large quautities of water in their 
poies. The ineau of thirty-six determinatioDs upon sundstonea, shale*),, 
limestones, aud dolomites from twenty-five differeut localities aoiong 
the uiialtered paleozoic sediments of Canada showed that 7.T5 volumes 
of water were held iu 100 volames of the thoroiighly-moisteDed rock. 
The i>ro[K)rtiou varied from less than l.ft per cent, in the more compact 
limestones, to 10.0 and even 21.0 per cent, in the sandstones, an amount 
■which is greatly exceeded in some more recent limestones." A l»rge 
proportion of the ocean's waters is thus imprisoned in the vast volume 
of unaltered sediments, and set free when these become metamorphosed, 
a process which is attended with a corresiHindiiig reduction of volume. 
In addition to this, moreover, the clays and other bydrated silicates lose 
a large part of their chemically-combined water during metamorphism, 
and become changed into crystalline compounds of increased density. 
This becomes obvious when "we compare the specific gravity of sudi 
species as giirnet, epidote, chloritoid, staorolite, andalusite aud kyanite 
with that of the unaltered sediments in the mi<lst of which they are gen- 
erated. From this condensation, then, as well as from the mechanical 
contraction consequent ii{>on the expulsion of water, the metamorphism 
of seiliments is attended with a very considerable diminution of bulk, 
which is not without geological significance. It result>s &om the exper- 
iments of Sorby (§ 14) that such chemical changes as are accompanied by 
con<lensation or diminution of volume are favored and accelerated by 
pressure, which may thus become a direct agent in promoting meta- 
moqibism as well as solution. 

§ 65. The crystallization which takes place in sedimentary rocks not 
uufrequentJy eS'aees more or less completely the traces of tbeir stratified 
oaA sedimentary origin, as is seen, for example, in maay gneisses, which 
are scarcely distinguishable from grautte. The study of such rocks, 
moreover, ^ords abundant proof that this alteration bas been attended 
with such a softening that the material has been molded by pressore, 
forced into fissures or ojienings in less fusible or less heated strata, and 
thus taken the form of what is designated as eruptive rocks. The action 
of heat upon sedimentary rocks is not, however, confined to condensa- 
tion, crystallization,and softening; strata in which carbonates, sulphates, 
chlorides, and carbon iiceous substances are mingled with silicious and 
argillaceous matters, will, at a sufficicutly-elevated temperature, in the 
presence of water, undergo such changes as must liberate carbonic acid, 
hydrochloric acid, and sulphuretted hydrogen, which are the common 
gaseous accompaniments of volcanic action. From these considerations 
we are led to a rational theory of volcanic and eruptive rocks, which we 
conceive to have tbeir seat, not in au uncongealed portion of the once 
liquid globe, but in the more deeply-buried portions of that disiDt«- 
grated cmst whose origin has been explained in § 14. 

§ 3C. The history of this theory forms an interesting chapter in 
geologj'. As remarked by Humboldt, a notion that volcanic phenomena 
have their seat in the sedimentary formations, aud are dependent on the 
combnstion of organic -substances, belongs to the infancy of geology. 
To this |>eriod belong the theories of L<5mery and Breislak, iComioa, v. 
443; Otte's translation.) Keferstein, in his Naturgeschichte dex Erdiutr- 
pers, published in 1834, maintained that all crystalline non-stratified 
rocks, from granite to lava, are products of the transformation of sedi- 
mentary strata, in [>art very recent., and that there is no well-defined 
* "- •litgical Report of Cnaadn, 1866, p. '283.— American Journal of Science, [S,] 
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line to be drawn between neptunian and volcanic rocks, since they pass 
into each other. Volcanic pfaenomeDa, according to him, have their 
origin, not in an igneous fluid center, nor in an oxidizing metallic 
nacleiis, {Davy, Daubeuy,) but in Ituown sedimentary formations, where 
they are the result of a p^uliar kind of fermentation, which crystallizes 
and arranges in new forms the elements of tbe sedimentary strata, with 
an evolution of heat as a result of the chemical process, (Naiurgesehickte, 
vol. i, p. 109 ; also Bulletin de la HociiU 66ologique de France, \\\, vol. 
vii, p. 107.) In commenting upon these views, (American Journal of 
Science, July, I860,) I have remarked that, by ignoring the incandescent 
nucleus as a source of heat, Keferstein has exchidcd the ti-uo exciting 
canse of tbe chemical changes which take place in the buried sediments. 
The notion of a subterrauean combustion or fermentation, as a source of 
heat, is to be rejected as iixational. 

§ 37. A view identical with that of Keferstein, as to the seat of vol- 
canic phenomena, was soon after put forth by Sir John Herscbel, in a 
letter to Sir Charles Lyell, in 1830, {Proceedings of the Geological Society 
of London, ii, HS.) Starting from the suggestion of Scrope and Babbage, 
that the isothennal horizons in the earth's cmst must rise as a conse- 
quence of tlie accumulation of sediments, he insisted that deeply-buried 
strata will thus become crystallized by heat, and may eventually, with 
their included water, be raised to the melting point, by which process 
gases would be generated, and earthquakes and volcanic eruptions follow. 
At the same lime the mechanical disturbauceof the equilibrium of pres- 
sure, consequent upon a transfer of sedimentH^ while the yielding surface 
reposes on matters partly liquified, will explam the movements of eleva- 
tion and subsidence of the eartli'a crust. Herschel was probably ignorant 
of the extent to which his views bad been anticipated by Keferstein ; and 
the suggestions of the one and tbe other seemed to have passed unnoticed 
by geologists until, in Marcb, 1858, 1 reproduced them in a paper read 
before the Canadian Institute, (Tor^to,) being at that time acquainted 
with HerschcPs letter, but not* having met with the writings of Kefer- 
stein. I there considered the reactions which would take place under 
the influence of a high temperature in sediments permeated with water, 
and containing, besides silicious and aluminous matters, carbonates, siU- 
pbates, chlorides, and carbonaeeous substauce-s. From these, it was 
shown, might be produced all the ^seous emanations of volcanic dis- 
tricts, while from aqueo-igneons fusion of the various admixtuies might 
result the great variety of eruptive rocks. To (luote the woi-ds of ray 
paper just referred to; "We conceive thiit tbe earth's solid crust of 
anhydrous and primitive igneous rock is everywhere deeply concealed 
beneath its own ruins, which form a great mass of sedimentary strata, 
permeated by water. 'As heat from beneath invades tbese sediments, it 
produces in them that change which constitutes normal metamorphism. 
These rocks, at a sufficient depth, are necessarily in a state of igneo- 
aqueous fusion ; and in the event of fracture in the overlying strata, 
may rise among them, takiug the form of eruptive rocks. When tbe 
nature of the sediments is such as generate great amounts of elastic 
fluids by their fusion, earthquakes and volcanic eruptions may result, 
and these — other things being equal — will be most likely to occur under 
the more recent formations.'^ [Canadian Journal, May, 1853, vol. iii, p. 
207.) 

5 38. The same views are insisted upon in a paper " On some points in 
Chemical Geology." (Quarterly Journal of the Geological Society, Lon- 
don, Kovember, 1850, vol. xv, page 594,) and have siuce been reiH'atedly 
put forwiird by me, with further explanations as to wbat I have desiguatou' 
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above, itte ruiiis of the cnist of anliydrous and primitive igneoua rock. This, 
it is toiteeived, must, by contraction in cooling, have become porous and 
]>eruieab]o, for a considerable depth, to the wat«r8 afterward precipitated 
upon its surface. lu this way it was prepared alik^ for mechanical disin- 
tegration, and for the chemical action of the acids, which, as shown in § 16, 
must have been present in the air and the waters of the time. It is, more- 
over, not improbable that a yet unsolidifled sheet of molten matter may 
then have existed beneath the earth's crust, and may have inter\-ened in 
the volcanic phenomena of that early i>eriod, cootribnttng, by its extra- 
vasation, to swell the vast amount of mineral matter then brought withiu 
aqneous and atmospheric iuflueuees. The earth, air, and water thus made 
to react upon each other, constitute the first matter from which, by 
mechanical and chemical transformations, the whole mineral world known 
to us lias been produced. 

§ 39. It is the lower portions of this great disintegrated and water-im- 
pregnated mass which form, according to the present hypothesis, the 
semi-liquid layer supposed to intervene between the outer solid crust 
and the inner solid and anhydrous nucleus. In order to obtain a correct 
notion of the condition of this mass, both in earlier and later times, two 
points must he especially considered, the relation of temperature to depth, 
and that of solubility to pressure. It being conceded that tiie increase 
of temijcrature in descending iu the earth's crust is duo to the transihis- 
sion and escape of heat ft-om the interior, Mr. Hopkins showed matbe- 
matittilly that there exists a constant proportion between the effect of 
itttcrnal heat at the surfjicc and the rate at which the temperature in- 
creases in descending. Thus, at the present time, while the mean tem- 
perature at the earth's surface is augmented only about one-twentietb of 
a degree Fahrenheit, by the escape of beat ttom below, the increase is 
found to be eqiuil to about one degree for each sixty feet lu depth. 
If, however, we go back to a period in the history (if our globe when the 
heat passing upwards through its t^st was sufficient to raise the super- 
ficial temiwrature twenty times as mueh as at present, that is to say, 
one degree of Fahrenheit, the augmentatiou of heat in descending would 
be twenty times as great as now, or one degree for each three feet in 
depth, {Oeological Journal, viii, 59.) The conclusion is inevitable that a 
condition of things must have existed during long periods in the history 
of the cooling globe when the accumulation of comparatively thin layers 
of sediuieut would have been sufficient to give rise to all the phenomena 
of metamorphism, vulcanicity, and movements of the crust, whose origin 
Herschel has so well explained. 

5 40, Coming, in the next place, to consider the influence of pressure 
upon the buried materials derived from the mechanical and chemical dis- 
integnition of the primitive crust, we find that by the presence of heated 
water throughout them, they are placed under conditions verj- onlike 
those of the original cooling mass. While pressure raises the fusing 
point of such bodies as expand in passing into the liquidstate, it depresses 
that point for those which, like ice, contract in becoming liquid. The 
same principle extends to that liquefaction which constitutes solution ; 
where, as is with few exceptions the case, the process is attended with 
condensation or diminution of volume, pressure will, as shown by the ex- 
periments of Sorby, augment the solvent power of the liquid. Under the 
inlluence of the elevated temperature, and the great pressure which pre- 
vail at considerable depths, sediments should, Uierefore, by the effect of 
the water which they contain, acquire a certain degree of liquidity, ren- 
dering not improbable the snggestiou of Scheerer, that the i>resence of five 
or t»n per cent, of water may suffice, at temperatures approaching red- 

C~.oo';lc 



CHEMISTRT OF THE EAKTH. 201 

nese, to give to a granitic mass a liquidity partaking at once of the charac- 
ter of an igneous and an aqneoiiR fusion. The studies by Mr, Sorby of 
the caTities in crystals have led liini to conclude that tlie constituents 
of granitic and trachytic rocks have crystallized in the presence of liquid 
water, under great pressure, ut temperatures not above redness, and con- 
sequently very far below that requirefl for simple igneous fusion. The 
intervention of water in giving liquidity to lavas, has, in fact, long been 
taught by Scroi)e, and notwithstanding the opposition of plutonists like 
Duroclier, Fournet, and Riviere, is now very geuerally admitted. In 
this connection, the reader is referred to the Geological Magazine for Feb- 
ruary, 18GS, page 57, where the history of this question is discussed. 

% 41. It may here be remarked that if we reganl the liquefaction of 
beate<l rocks under great pressure, and in presence of water, as a pro- 
cess of solution rather than of fusion, it would follow that diminutiou 
of pressure, as sui>posed by Mr. Scrope, would cause not liquefaction, 
but the reverse. The mechanical pressure of great accumulations of 
sediment is to be regarded as co-operating with heat to augment the 
solvent action of the water, and as being thus one of the efficient causes 
of the liquefaction of deeply-buried sedimentary rocks. 

§■12. That water intervenes not only in the phenomena of volcanic 
eruptions, but in the crystallization of the minerals of eruptive rocks, 
which have been formed at temi»enitures far below that of igneous fusion, 
is a fact not easily reconciled with either the first or the stfcond hypoth- 
esis of volcanic action, but is in perfect accordance with the one here 
maintained, which is also strongly supported by the stady of the chem- 
ical composition of igueous rocks. These are generally referred to two 
great divisions, corresponding to what have been designated the trachy- 
tic and pyro:cenic types, (§ 27,) and to account for their origin, a separa- 
tion of a liquid igneous mass beneath the earth's crust into two layers 
of acid and basic silicates was imagined by Phillips, Burocher, and 
Bunsen. The latter, as is well known, has calculated the normal com- 
position of these supposed tracliytic and pyroxenic magmas, and con- 
ceives that from them, either separately or by admixture, the various 
eruptive rocks are derived ; so that the amounts of alumina, lime, mag- 
nesia, and alkalies sustain a constant i-elation to the silica in the rock. 
If, however, we examine the analyses of the eruptive rocks in Hungary 
aod Artnenia, made by Streng, and put forward in sup[>ort of this view, 
there will be found such discrepancies between the actual and the cal- 
culated results as to throw grave doubts ou Bunsen's hypothesis. 

% 43. Two things become apparent from a study of the chemical na- 
ture of eruptive rocks : first, that their composition presents such varia- 
tions as are irreconcilable with the simple origin generally assigned to 
them ; and second, that it is similar to that of sedimentary rocks whose 
history and origin it is, in most cases, not difficult to tmce. We have 
already pointetl out (§ 27) how the natural operation of mechanical and 
chemical agencies tends to produce among sediments a separation into 
two classes, corresponding to the two great divisions above noticed. 
From the mode of their accumulation, however, great variations must 
exist in the composition of the sediments, corresponding to many of the 
varieties presented by erui>ttve rocks. The careful study of stratified 
rocks of aqueous origin discloses, in addition to these, the existence oi 
deposits of basic silicates of jwculiar types. Some of these are in great 
part magnesian ; others consist of compounds like anorfhite and labra- 
dorite, highly alnminons basic silicates, into which lime and soda enter, 
to the almost complete exclusion of magnesia and other bases ; while in 
tbe masses of pinitc or agalmatolite rock we have a similar aluminoos 
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silicate, in which linte and magne^a are wanting, and potash is the pre- 
dominaot alkali, (§ 28.) In sach sediments aa these just enumerated 
we find the representatives of eruptive rocks like peridotite, phouolite, 
leucltophyre, and similar rocks, which are so many exceptions in the 
basic group of Bunseu. As, however, they are represented in the sedi- 
ments of the earth's cnist, their appearance as exotic rocks, consequent 
upon a soit43ning and extravasation of the more easy liiiueQable strata 
of deeply-buried formations, is readily and simply explained. 

§44, In this connection a few words may be said about the popular 
notion which makes granite the substratum of all stratified formations, 
and even identifies it with the supposed primitive crust of the globe. 
That this crust is everywhere concealed beneath its own ruins, and, more- 
over, that its composition must have be«n very different from granite, 
we have endeavored to explain, (§ IC.) The Laureutian, the oldest known 
system of rocks, includes in its vast volume great iuterstratilled masses 
of gneiss, often closely resembling grauite, and it is extremely probable 
that these, softened and extravasated, may form the eruptive granites 
which break through more recent systems of strata. These granitic 
gneisses are, however, clearly stratified, and hold, moreover, iutei-calated 
beds of quartzite and of limestone, often of great volume, and including 
the Temains of an animal organism — the Eozoon Canadense. The pre- 
dominance of feldspar, which gives the granitic character to the alumi- 
nous i-oeks of early periods, has already becu explained in §29 as result- 
ing from the great abundance of combined alkalies in these ancient 
rocks. The presence of quartz, an essential element alike in gneiss and 
granite, would suffice to show that granite is in all cases a secondary or 
derived rock, formed under aqueous inhuences — even bad Sorby not 
shown that the minute crystal-cavities in the quartz of granitic rocks 
cuntniu liquid water which must have been introduced at the time oi 
crystallization. Quartz has not only never been met with as a result of 
igneous fusion, but it is clearly shown by the experiments of Eose that a 
heat even mucli less than that required for the fusion of quartz destroys 
it, changing it into a new substance, which differs both in chemical and 
physical properties from quartz. We have pointed out iu § Ifi the chemi- 
cal process by which it may be supposed that silica was set free from 
the primitive silicated mass, under conditions which would permit its 
conversion into quartz. 

§45. The rocks meutioned in preceding sections are, as regards their 
geognosticnl relations, divided into stratified or indigenous and erupted 
or exotic rocks, the latter being looked ui>on as the results of the soft- 
ening and displacement of the former. Besides these, it is necessary to 
distinguish a third kind qf rock-masses, which, like the latter, occupy 
fissnres in previously-formed rocks, but are unlike them in origin, and 
have been deposited from aqueous solutions. The most famihar form of 
these is met with in the vein-stones of quartz, calcite, barjtine, and fluor, 
Thich are often the gangue of metallic ores. A careful study of the 
various kinds of veins and their relations leads us, however, to admit 
that almost all the mineral .species which occur in the preceding classes 
of rocks may exist in vein-stones, which, from the mode of their piodnc- 
tion, we have designated endogenous rocks. Calcareous veins in the 
Laureutian rocks may contain all the mineral species of indigenous lime- 
stones, and quartzo-t^ldspatbic veins are made np of aggregates which 
are familiarly designated as gninites. To these, in fact, belong all those 
BO-cidled granitic veins which are marked by containing fine crjstalli- 
sations or rare mineral species. When, as is often the case, these marks 
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ure wantiug it is soaietimeR clifflcalt to distin^ish in hand-specimens 
between iudigenou», exotic, and endogonoas granites. 

§40. The deposition of these minei'al species from solntioD has donbt- 
less taken place nnder considerable degrees of heat and pressure, which 
coaUl only exist at great depths iu the earth's crust. Waters charged 
with mineral elements by percolation through deeply-seated strata rise 
through fissures iu these and deposit along the channels their dissolved 
matters, a process not so much the result of cooling as of that decrease 
of solvent power which must follow the dimiuutiou of pressure in accord- 
OQve with Sorby's conclusions.* 

§47. As pointed out iu §17, the first precipitates fh>m the water of the 
primeval sea must have contained oxidized compounds of most of the 
heavy metals. These early deposits, by mechanical division or by solu 
tion, became subsequently did'use<l, and entered iuto the composition of 
later sedimentary strata. Removed from these by watery solution, the 
metallic compounds have been, in different ages, brought to the surface 
to be deposited i n some cases as oxides or carbonates, or replaced by the 
action of organic matters to the stateofsulphurets or native metals, and 
mingled with the contemporaneous sediments in beds or in disseminated 
grains. Baring the subsequent alteration of the strata, these metallic 
matters, being taken into solution, have been re-deposited in fissures in 
the metalliferous strata, forming veins, or, ascending to higher beds, have 
given rise to metal -bearing veins in strata not themselves metalliferous. 
The metals of the sedimentary rocks are now, however, for the greater 
part, in the form of insoluble sulphurets, so that we have only traces of 
them in a few mineral springs, which serve to give n faint notion of the 
agencies at one time at work in the sediments and waters of the earth's 
crust. Like the iron, (§10) these metals have been in gieat part with- 
drawn from the terrestrial circulation. The frequent occurrence of these 
metaU in waters which are alkaline from the presence of carbonate of 
soda, is siguificaut, when takeu in connection with the metalliferous 
character of certain dolomites, which probably owe their origin to the 
actiou of similar alkaline springs upon basins of sea-water, {§20.) The 
intervention of intense heat and fusion or sublimation to ex|>lain the 
origin of metallic oi'es is uncalled for. The solvent powers of water 
and of various saline, alkaline, and sulphuretted solutions at high tem- 
perature^ in connection with the notions above enuuciuted, will suffice to 
form the basis of a rational theory of metallic depo.sits.f 

§ 48. The consideration of the nature and origin of endogenous rocks 
has led to a digression to discuss the theory of metalliferous veins, which 
the plan of this essay did not permit as to treat before. We now resume 
the lino of inquiry followed from § 3C to § 43, and proceed to coiisider the 
phenomena of volanoes and earthquakes in accordance with the notions 
already put forward. 

Violent movements of the earth's cnist are confined to certain regions 
of the globe, which are at the same time characterized by volcanic 

* Of tliJH a remarkablu example was aflbrdul tu 1806 at GoilcricU, in Ontario, irhere. 
at a depth i>f 1,000 (eet, n b«it of rock-salt wax met, Irom trbicli for a time a naturaUMl 
or rather aiipfrsaturatnl lirhio wna obtaim-d. Ab an evi<leuco of tins, I saw a cube of 
paro Bait, ouo-fourtli of an inch in diameter, which hod formeil upon anil nronnd » pro- 
jectiu); point of aa irun valve in the pump, above the surface of the f^unit. Tholiijuid 
benealli a pressure of 1,000 feet of brine, equal to about 1,200 feet of ivat'ir, or 36 al- 
moapb<*res, liavitin; tnki'ii up more nalt than it could hold at the ordinary prcaaure, de- 
poeitRd a )Hirtion of It dm it reiLched the surface, and actually obstructed thereby the 
action of the puiup. ARera few montliBof pumpiug, however, the well ceased to afford 
a fully utiiratcd urine. 

t AmericaD Joiuiiul of Science, [S,] zsxi, 405, and xl, 313. 
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activity ; from vhich it is reasonably inferred that the phenomena of 
eartbqaakes and volcanoes have a common origin. The discharge 
tlirough openings in the earth's crust, of ignited stony matter, generaUy 
in a fused condition, and the disengagement of various gases and vapors, 
accompanied by movements of elevation or subsidence of considerable 
areas of the earth's snrface, sometimes rapid and paroxysmal, and at- 
tended with greatvibratory movements, are evidences of a yielding cmst 
of solid rock resting upon an igneous and fluid mass below. To the 
same conditions are also to be ascribed the slow movements of portions 
of the earth's surface, shown in the rise and fall of continents in regions 
remote from centers of volcanic activity. The unequal tension of the 
yielding crust and the sudden giving way of the overstrained portions 
are probably the immediate cause of earthquake phenomena; the seat 
of these, according to the deductions of Mallet, is to be found at depths 
of from seven to thirty miles from the surface. 

549. A briefdescriptionofthe phenomena of volcanoes will here benec- 
easary. Volcanoes are openings in the earth's crust through which are 
discharged solid, liquid, and gaseous matters, generally in an intensely 
heated condition. Sometimes the ejected material is solid, and consists 
of broken, comminuted rock, or the so-called volcanic ashes. Oftener, 
however, it is discharged in a more or less completely fused condition, 
coDStitutJDg lava, which is sometimes fluid and glassy, biit more fre- 
qnently pasty and viscid, so that it flows slowly and with difficulty. 
The Reeled materials, whether liquid or solid, build up volcanic cones 
by successive layers— a fact which has been established by modem 
observers in opposition to the notion come down from antiquity, that 
volcanic hills are produced by an uprising or tumefaction of previously 
horizontal layers of rock by the action of a force from beneath. First 
among the gaseous products of volcanoes is watery vapor; water ap- 
pears not only to be involved in all volcanic eruptions, but to be inti- 
mately combined with the lavaa, to which, as Scrope has shown, it helps 
to give liquidity. The water at this high tem2)erature is retained in 
combination under great pressure, but as this pressure is removed passes 
into the state of vai>or, a process which explains the swelling up of lavas 
and their rise in the craters of the volcanoes. Besides watery vapor, 
carbonic and hydrochloric acid gases, and hydrogen, both free and com- 
bined with sulphur and with carbon, are products of volcanoes. The 
combnstion of the inflammable gases in contact with air sometimes 
give rise to true burning mountains-^ name which does not properly 
belong to such as give out only acid gases, steam, and incandescent 
rocky matters, which are incombustible. 

§ 50. The escape of elastic fluids from lavas gives to them a cellular 
structure, but when slowly cooled under pressnre, as seen in the dykes 
traversing the flanks of volcanoes, the stony materials assume a more 
solid and crystalline condition, and resemble the older eruptive rocks 
foond in regions not now volcanic. These include granites, trachytes, 
dolerites, basalts, &c., and are masses of rock which, though extrava- 
sated after the manner of lavas, became consolidated in the midst of 
surrounding rocks, and consequently under considerable pressure, (§ 37.) 
Their presence marks either the lower portions of volcanoes whose 
cones have been removed by denudation, or ontbursts of liquefied rock 
which never reached the surface. The escape of such matters, and the 
formation of volcanic vents, are but accidents in the history of the 
igneous action going on beneath the earth's surface. We shall, there- 
fore, regard the extravasation of igneous matter, whether as lava or 
ashes at the surface, or as plutonic rock in the midst of strata, as, in its 
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wider sense, a manifestation o%viilcanicity, aud for the elucidation of our 
subject consider both tbo.se rcKioiis characterized by preat outbursts of 
platonic rock in former geolojfic periods and tbose now the seats of vol- 
canic acti\'ily, which, in tliexe cases, can generally be traced back some 
distance into the tertiary epoch. To begin with ttie latter, tlie first and 
most important is ttie great continental region wliich may he described 
as including the Mediterranean and Aralo-Caspian basins, extending 
from tlie Iberian Peninsula eastward to the TliianChan Mountains of 
Central Asia. In this great belt, extending over about ninety degrees 
of longitude, are included all the historic volcanoes of the ancient world, 
to which we must add the extinct volcanoes of Murcia, Catalonia, Au- 
vergne, the Vivarais, the Kifel, iluugary, &c., some of which have pro- 
bably lieen active during the Imnian' period.* 

Besides the great region Just indicated, must be mentioned that of 
our own Pacific slope, from Fuegia to Alaska, from whence, along the 
eastern shore of Asia, a line of volcanic activity extends to the terrible 
burning mountains of the Indian arcliii>elago. Volcanic islands are 
widely scattered over the Pacific basin, and volcanoes burn amid tbe 
thick -ribbed ice of the Antarctic continent. The Atlantic area is in like 
manner marked by volcanic islands from Jan Mayen and Iceland to the 
Canaries, the Azores, and the Caribbean Islands, and southwai-d to 
Ascension, St. Helena, and Tristan <i'Acuuha. ' 

§ 51. The continents, with the exception of the two areas already 
defined, present no evidences of modern volcanic action, and the regions 
of ancient volcanic activity, as shown by the presence of great out 
bursts of eruptive rocks, are not less limited and circumscrilicd. In 
northern Europe the chain of the Unils, an area in central Germany, 
and one in the British Islauds are apparent, and in North America 
there appear to have been but two volcanic regions in the paleozoic 
period — one in the basin of Lake Superior, and another, which may bo 
described as occurring along either side of the Appalacliiiui chain to the 
northeast, including the valleys of the lower Ht. Lawntnce, Lake Cham- 
plain, the Hudson aud Connecticut Itivers, and extending still further 
southward. The study of the various eruptive rocks of this i-egion 
shows that volcanic activity in different parts of it was prolonged from 
the beginning of the paleozoic period till after its close. 

I 53. The theory of Keferstein and Herschel, explained in § 37, shows 
in what manner volcanic pheuomeua may be directly de|>endeut on the 
accumulation of sedimentary strata. It has already been shown that 
both temperature and pressuiM! combine to produce in the lower portions 

* It 18 a most Bit^iGcaDt fact that tliitt region ia iieurly co-«xtcuaive with thit occupied 
for ages by the peM civilizing races of tho worhl. From tbe plateau of Ceutral Asia, 
throughout tbeir westwanl niigmtion to the pillars of Hercitles, the Indo-Enropean 
naUoiiB n-erc familiar with tbe vokuno and tho oorthquako ; oud that tlie Semitiu race 
were uot stmtigeTS to tbe same plicnomeiia, tho whole pootic imagery of the Hebrew 
ScriptoTcs beats omple ovidence. In tho laugiiago of their writerB. tho mountains ate 
molten, thoy qnalte and foil down nt tbe prosciice of tho Deity, whun tiio melting fire 
bnmeth. Tho fary of His nratli is iKiured forth like flro; He toucbeth the hills aod 
they BQioko ; while fire and Bulpbiir como down to destroy tbe doOmcd uitie* of tbe 
plain, wlioso foiiadatiou is a moltou lloo<l. Not leas does tbo poetry aud tho mythology 
of Grpeco and Eomo bear the impruaa of the netlior realm of firo in wbit-U tliu volcano 
and the earthqaako have their seat, and their inHiienco ia conspicnniis lliroiighout the 
imaginative literatnre and tbe religiouH syHt«iu(i of tho ]udo-Euro|iean nations, whoso 
contact Willi these terrible man ifuatat ions of unseen forces beyond their foresight o" 



coutroi could not fail to act Btrougly ou their moral and intellecliial development, 
which would have doubtless preaeutKd very differeut phases liod tbe early liome of 
theee raceo been the Australian or tho eastern side of tlie Americau coutinent, whero 



Tolcanoes are nnknown and tbe earthquake is scarcely felt. (From a lecture I: 
tbe Amer. Oeographicol Society, April, 186" ' 
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of the sedimentary material n ooodJtio% of igneo-aqneons fnsioD. It 
ironld be foreign to oar plan to discuss iii tUis place the agencies which, 
from early geologic x>eriofls, have been efiecting the transfer of sedi- 
ments, alternately wasting and building-up continents. Oae, however, 
reqnires notice in tbis connection, nameljT the contraction of sediments 
consequent upon chemical changes, as already explained in § 34, which 
mast result in subsidence. Such an effect may also result from the ei- 
travasation of great volumes of liqnefled rock, and in either case the 
depressed portion of the surface becomes a t)a8in, in which sediments 
may subsequently accumnlate, and by tbelr weight npon the yielding 
stratum beneath continue the process of subsidence. While the lower and 
more fusible strata becomes softened, the great mass of the more silicions 
rocks, losing their porosity, become cemented into a comparatively rigid 
mass, and Anally, as a result of the earth's contraction, or to counter- 
balance the depression of some other region, are uplifted as a hardened 
and corrugated continental mass, from whose irregular erosion results 
a mountainous region.' 

§ 53. Those strata which, from their composition, yield, under the 
conditions just described, the most liquid products, are, it is conceived, 
the source of all plutonic and volcanic rocks. Accompanied by water, 
and by difficultly coercible gases, they are either foie^ among the fis- 
sures which form in the overljing strata, or find their way to the sur- 
face. The variations in the composition of lavas and their accompanying 
gases ui different regions, and even from the same vent at different 
times, are strong confirmations of the truth of this view. As explained 
in § 39, the semi-liquid layer of water-impregnated material constitutes 
a plastic t>e<l, ni>on which the stratified sediments repose. These, by their 
irregular distribution over different portions of the earth, determined, 
after a lapse of time, in the regions of their greatest accumulation, vol- 
canic. and i)lutonic phenomena. It now remains to show the oliserved 
relation of these phenomena, both in the earlier and later times, to great 
accumulations of sediment. 

§ 54. If we look at the North American continent, we find along its 
northeastern jHtrtion evidences of great subsidence and an accumulation 
of not less than 40,000 feet of sediment along the line of the Appalaclii- 
ans from the Gulf of St. La^vrence southward, during the paleozoic 
period, and chiefly, it would appear, during its earlier and later portions. 
This region is precisely that characterized by considerable eruptions of 
plutonic rocks during tbis period, and for some time after its close. To 
the westward of the Appalachians, the deposits of paleozoic sediments 
were much thinner, and in the Mississippi valley are probably less 
tdhan 4,000 feet in thickness. Conformably with this, there are no traces 
of pi atonic or volcanic outbursts from the northeast region just men- 
tioned throughout this vast paleozoic basin, with the exception of the 
region of Lake Snpeiior, where we find the early portion of the pnleozoic 
age marked by a great accumulation of sediments, comparable to that 
occnrring at the same time in the region of New England, and followe<l 
or accompanied by similar plutonic phenomena. Across the plains of 
northern Russia and Scandinavia, as in the Mississippi valley, the 
paleozoic period was represented by not more than 2,000 feet of sedi- 
ments, which still lie undisturbed, while in the British Islands 50,000 
fieet of paleozoic strata, contorted and accompanied by igneous rocks, 

* For a diaciusioD of this anbject and tbe tbeorjr of moniitaiitB, incladiiig tho v 
of ProfisMor Jamm Hall, see tbe Mitbor on Jaurfom Ga>l«gj, Americko Janvm 
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attest the connection between great accamnlation and platonic pbe- 
Bometia. 

S 55. Coming nov/ to oiodem volcaaoes, we find them in their greatest 
sctiTit; in oceanic regione, where subsidence and accumulation are stiVJ 
going on. Of the two continental regions already pointed out, that 
along the Mediterranean basin is marked by an accumulation of meso- 
zoic and tertiary sediments, 20,000 feet or more in thickness. It is evi- 
dent that the great mountain zone, which includes the Pyrenees, the 
Alps, the Caucasus and the Himalaynh, wa8,.during tlie later second- 
ary and tertiary periods, a basin in which vast accumulations of sedi- 
ments were taking place, as in the Appalachian belt during the paleozoic 
times. Turning now to the other continental region, the American 
Pacific slope, similar evidences of great accumulations during the same 
periods are found throughout its whole extent, showing that the great 
Faciflc mountain belt of Korth and South America, with its attendant 
volcanoes, is, in the main, the geological equivalent or counterpart of 
the great east and west belt of the eastern world. 

It is to be remarked that the volcanic vents are seldom immediately 
along the lines of greatest accumulation, bnt appear around and at cer- 
tain distances therefrom. The question of the duration of volcanic 
activity in a given region is one of great interest, which cannot, for 
-want of time, be considered here. It appears probable that the great 
manifestations of volcanic force belong to the period of depression of 
the area of sedimentation, if we may judge from the energy and copi- 
ousness of the eruptions of island volcanoes, although the activity is 
still prolonged after the period of elevation. 

As regards the geological importance of volcanic and earthquake 
phenomena, their significance is but local and accidental. Volcanoes 
and earthquakes are and always have been confined to limited areas of 
the earth's surface, and the products of volcanic action make up but a 
small portion of the solid crust of the globe. Great mountains and 
mountain chains are not volcanic either in their nature or their origin, 
though sometimes crowned by volcanic cones; nor are earthquakes and 
volcanoes to be looked upon as anything more than incidental attend- 
ants npon the great agencies which are slowly but constantly raising 
and depressing continents. 
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ON THE ELECTRICAL CURRENTS OF THE EARTH. 



Br Cjhho Mattbucci. 



The object of tbia memoir is to describe ei long series of experiments, 
commeticod iu 1863 and only intarnpted by brief intervals, on the phe- 
nomena called electric currents of the earth, meaning by those words the 
electric currents which circulate in a mixed circuit formed of a metallic 
line and of a terrestrial stratum, and which do not depend on causes 
known and existing either in the metallic part of the circuit or in its 
extremities communicating with the ground. The conclusions arrived 
at in this inquiry do not comprise, to any great extent, an explanation 
of these currents founded on a known physical theory, or the thorough 
knowledge of the laws of the phenomena. We trust, however, that the 
results obtained are of sufficient importance and exactness to reuoin- 
pense the long and persevering efforts which were necessary to obtain 
tbem. We hope also to be pardoned by any one who shall undertake 
seriously to study this subject, if we have not carried these researches 
to such a point as might be desired, siucc it must appear evident from 
the experiments made that the means requisite to extend and complete 
them exceed the resources of a private indi\idual. 

HISTORICAL PAHT, 

Even fhim the time when the galvanometer was discovered — ^that is 
to say, shortly after the celebrated experiments of Oersted and Ampere — 
phenomena of electrical currents are cited as having been obtained by 
Introducing the extremities of the instrument into diflFerent points of a 
terrestrial stratum. 

We believe that Fox was the first who observed the deviation 'of the 
needle of the galvanometer, on inserting the copper points attached to 
the ends of the wire of this instrument in various places of a mineral 
vein of copper. Becquerel, soon after Fox, published a long series of 
. experiments on the electric currents, which he obtained by sinking the 
electrodes of the galvanometer in earth takeu in different conditions of 
humidity and of comiiosition. 

It is scarcely necessary to say that all these experiments were but 
different cases of the general principle of the galvanic pile ; that is to 
say, of heterogeneity in the metallic laminae in contact with the ground 
and the liquids with which the gronnd was imbued at the points in 
contact with the electrwles. It would be easy, even supposing the em- 
ployment of homogeneous electrodes, by which electric currents are not 
produced through their immersion in water, to exhibit distinct signs of 
electric currents by using liquids of different chemical composition or 
of different temperature in contact with the electrotles. This would be 

' Seriettrza: Tomal, i'ni'tel.— Fireoze, ISST. 

n,g,t,7l.dM,GOOglC 



ELECTEICAL CUEEEST8 OP THE EAKTH. 209 

a manner of repeating, by using tlie eartli as an intermediate conductor, 
tlie experiments tried, especially by Nobili, ninny years ago, on the 
reciprocal chemical actions of dilferent lirjiiids. Tlie same may be said 
of electric currents obtained with electrodes in which may be formed the 
so-called secondary iiolarizations. 

These diderent modes of obtaining electric currents in a mixed circuit 
have nothing to do with the study in which we are engaged, if not on 
account of the very important and indeed indispensable knowledge of 
the causes of error which are apt to intrude into the experiments by 
which we seek to discover and to study the electric currents of the 
earth, independently of those causes. 

I believe that the first case of electric currents proper of the earth, 
which may be called, as has been done by Airy, apontaneoim terrestriaJ 
electric atrrents — at any rate, if not the first observed, certainly the first 
described and published — was that which was discovered on the night 
of the 17th of November, 1847, at Pisa, by means of the telegrapbiv 
wires, and which was described in a letter directed to Arago and pub- 
lished in the Comptei-rendus of the Academy of Sciences of Paris. This 
fact consisted in the existence of an extraordinary electric current which 
circulated with such intensity and constancy as to keep the armatures 
of the electro-magnets of the apparatus in a state of attraction during 
the whole time that a magnificent aurora borealis was apparent in the 
heavens. The same phenomenou was soon afterwards observed in the 
United States, and since that epoch the observations have been frequent 
of electric currents in the wires of the telegraph associated with the 
apiwar.iuce of the aurora. When it is considered that we know, on the 
other hand, the constant relation which exists between the aurora 
borealis and the indications shown by the instruments which serve to 
measure the magnetic force of the earth, it is impossible not to i-ecog- 
iiize all the importance of these studies. And in fact, after these 
obsen'ntions, there was no delay in directing special researches to the 
existence of electric currents of the earth and their laws, independently 
of the apparitions of the aurora twrealis. 

We must be content, on the present occasion, with briefly referring 
to the researches made previously to our own, and which are due to 
Banmgarten, Barlow, Lloyd, and Walker, but especially to Lamoiit, 
who, beyond the rest, has extended and varied these investigations. 
Whoever has studied the memoirs of these observers with the attention 
due to the importance of the subject, and t« the authority of their 
authors, will find it difficult to avoid tiie conclnsiou that the uncertain 
results obtained, results so little acx;ordant among themselves, are prin- 
cipally attributable to the method of experimenting and to the disturbing 
causes necessarily introduced by that method. The greater part of the 
experiments were executed with telegraphic circuits, and therefore with 
» metallic line establishes! in coignnctiou with other metallic lines 
worked for the purjiose of correspon<ieuce, and traversed by the electric 
currents of the offices at the moment of the experiment. We know 
that the wires of telegrnpltic lines are never so perfectly insnlated from 
one another and from the earth that there shall not l)e signs of the 
current in the lateral wires when the circuit is closed with one of the 
same \virea. Moreover, the communicatious of the metallic lines witli 
the earth are now made with a lamina of copt)er immersed in pits, the 
wires being at one time connected with the iron tubes of pumps, at 
another with iron railways. In the memoirs which wo have referred to 
there is generally no indication of the mode in which the lines were 
constructed, nor as regards their insulation or their connection with the 
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earth. Xor in most cases are we informed wlietlier or uot the numbers 
reiwrted were obtained by experiments maile, as is <iuili' probuble, at 
tbe time when the lines were in service for telegraphic corivsiwndeuce. 

It would be useless, we think, to enlarge critically upon the experi- 
ments to which we allude or the resnlts obtained. To kucU criticism 
a distinguished Swiss physicist, M. Dnfour, of Lausanne, has lately 
devoted himself, and we content ourselves with citing, in bis own words, 
the conclusion to which he has arrived: "It is quite evident that if 
researches are te be undertaken respecting the electric cuiTeuts of the 
earth, offering any solid guarantee of exactness, it is uecessary to employ 
special lines and such as are absolutely independent of the telegraphic 
reticiUation." 

Among our predecessors in these researches, Lamont alone seems to 
have bestowed some previous attention on the method of experimenting 
and on the causes of error incident to the methods followed. Ilence 
the eminent astronomer of Monaco coufesses that he had not yet found 
in these experiments a point of departure atiffid^ittly secure, and closes his 
memoir with the admission that what he had published up to that time 
ought to be regarded only as a few general and preliminary itidieationa. In 
a word, I do not think it an exaggeration to affirm that it wouhl be 
impossible, from all the researches whicu I have cited, to draw the 
ilemonstratiou of the existeuce of the phenomenon of iin electric current 
which circulates iu a metallic line extended along the earth, and insu- 
lated irom it, having its extremities sunk in the ground, inde^jendently 
of the heterogeneity of the electrodes and of the various causes of error 
introduced into those experiments; meaning by that phrase causes 
already known, and which have nothing to do with a proi)er electric 
stratum of the earth. 

UETHOD OP £XF£BIUENIINa. 

The description of this method should embrace the metallic part of 
the mixed circuit, the communications between the extremities of thu 
metallic line and the gronnd, and the instruments used to detect and 
measure the current. 

Metallic line. — I will state, in the first place, that none of the experi- 
ments described in this memoir have been executed upon a wire per- 
taining to a telegraphic line composed of several other wires. When- 
ever I have used a telegraphic line, it has consisted of a single wire ; 
and the experiments were made either during months when tbe tele- 
graphic service was not conducted by that wire, or at hours when that 
ser^'ice was known with certainty to be 8U8i>ended. Before commencing 
the exjieriment the line was examined throughout its course, and pro- 
tected by the removal of any possible contact with the boughs of trees 
or the walls of houses, and by the renewal of the solderings of the 
junctions. The line was formed of the usual iroii wire of telegraphic 
connections, 3 or 4 millimetres (^ of an inch) in diameter. Its extremi- 
ties were united to the instruments, and the electrodes sunk in the 
ground by means of a piece of copper wire covered with gutta-percha, 
freshly soldered outside of the telegraphic offices, and all communica- 
tion was interrupted between the line and the usual wires entering 
the offices. The insulation of the line w.is always tested before com- 
meucing the experiment, and was always such as uot to impart 
during dry days a sensible deviation to a galvanometer of 2,000 coils. 

In many of the experiments which we shall report, a copper wire, 2 
millimetres (,W of on inch) in diiametet aDdcova%d with .gutta-percha, 
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was used ; wbicli wire was in some oases stretched apon tlie fijnntid, 
in others sunk at a slight depth beneath the surface pf the eartli, 
but oftenesl suspended on slender rods of wood, like those employed 
for field-telegraphs. 

Electrodes. — This is naturally the part of a mixed circuit requiring 
the greatest att«Htion, and I have been able to avoid causes of error in 
this respect from the assurance, which I bad obtaine<l in the experi- 
ments of electro-physiology, that electrodes of amalgamated zinc, im- 
mersed in a saturated and neutral solution of sulphate of zinc, do not - 
excite between them an electric current, and do not ac<]uire seeoudiiry 
polarities by the passage of a voltaic current. 

The electrodes which I have employed are rectangular plates of lami- 
nated zinc, from 6 to 8 centimetres (lij to 3 inches) in width, and from 
12 to 16 (5 to C inches) in height, perfectly amalgamated and Joined to 
the metallic line by means of a circnitbreaker with two boles, into one 
of which enters the wire and into the other the extremity of a projec- 
tion on the plate of zinc. This plate is inmiersal in n satnnitecl nnd 
neutrid solution of sulphate of zinc, contained in a i>orcelain cylinder 
like that of Grove's battery. In the selection of these cylinders care 
must be taken to reject those which are so irorous as to admit too i'eM4Uly 
of the percolation of the Uquid. 

The porcelain cylinder thus prepared is immersed in well or spring 
water, which should he the same at both extremities. For the I'ect'ption 
of the water in which the (flinders are sunk, I have used different con- 
trivances. iSometimes, after ha\~ing formed in the ground a soil of pit, 
varying in depth from a half metre to two metres, I have made in the 
bottom of this pit a cavity, shaped like a capsule, from 10 to 12 
centimetres (4 to 5 inches) wide, and of such a depth that the por- 
celain cylinder, when introduccdj should reach with its rim the level 
of the bottom of the pit. Then, in order that the water poured into 
tliis kind of capsule may not be too speedily absorbed by the f^ittund, I 
line the capsule with a stratum of tempered potter's earth, such as is 
used in earthenware manufactures. At other times 1 have used flower- 
pots, which are sunk iu the ground, the earth being compressed around 
the vessel. In some cases, finally, the porcelain cylinder was inserted 
and fixed in a large piece of cork, so that the cylinder might remain 
floating on the water of a well, but almost entirely immersed therein ; 
the copi»er wire covered with gutta-percha,' which is joined to the plate 
of zinc, is wound around a small cord, by means of which the floating 
body is made to descend in the well, 

I have made many experiments to assure myself of the homogeneity 
of the electrodes thus prepared. It is very easy to obtain this homo- 
geneity and to preserve it with porous cyliuders. We begin by having 
a certain number of such cyliuders, quite new, and by filling them to 
the same height with a solution of sulphate of zinc ; we select those 
which do not readily imbibe the liquid or allow it to escajie, aud im- 
merse simultaneously two of those thus selected, after they have been 
well dried with a clean towel, in n vessel filled with the same water. In 
this way, even with a galvanometer of 20,000 t;oils, we promptly find 
the two electrodes perfectly homogeneous. It happens, however, not lui- 
frequently, that, if the cylinders are left in the water for some time or 
withdrawn aud again immersed, a certain current will be observed to arise 
between them. If the cause of the difference which has thus origuiated be 
attributable to the plates of zinc, which is tiie rarer case, it is necessary 
to reamalgamate them ; if, on the other band, the heterogeneity be due to 
the porcelain cylinders, we must withdraw these from the water, diy 
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them repeatedly with a cloth, and reuew the n-at*r in which they are 
immersed. To prwiire homogeneous ^'ases of terra-cottn for eontaiuing 
the water in which the ]>oi-ou8 cylinders are to be immersed is more 
difficult, and in order to succeed we must leave them to imbibe water 
for several days, and then prove tUem ; bnt even then there are s«rarcfly 
to be found, among many, two between which signs of heterogeneity do 
not present themselves. 

In some experiments I have l)een accustomed to excavate a hole of 
■ moderate dimensions at the two extremities of fhe circuit, and to fill 
each hole with the same earth, into which the terra -cotta vase was then in- 
troduced. Most frequently I have satisfied myself, before commencing 
the experiment, that there was no current between the electrodes, by 
sinking the two vases in two holes of moderate size made in contiguity 
with one another. I have also, whenever it was practicable, reverse<l 
the position of the two ejirtlieii vases and noted the differencei if there 
were any, of the deviations obtained in the two cases, iu order to «li.<- 
cover whether the heterogeneity of the vases was noticeable, and to 
what e.vtent iu the current detected. 

I have sought finally to ascertain whether, in any case, it would be 
possible to substitute for the electrodes which 1 have described two 
plates of copper sunk in the ground, which would be much more simple 
and convenient ; and I have found that, whatever might be the sbite of 
these plates before submitting them to experiment, that is to say before 
using them, either in a different condition of puiity or oxidation as they 
most frequently oeciu-, there was always realized, -from the first, wit!i 
the galvanometer of 2,001) coils, a verj- strong deviation, of which it was 
impossible to foresee thedireetion. It constantly occurred, however, that, 
on keeping the circuit closed and leaving the plates of copper bui-ied and 
undistiirl^ in the earth, this deviation slowly diminished, and aftei 
eighteen or twenty hours became comparatively insignificant. At this 
juncture, it was only neeessarj- to stir slightly one of the plates, or to 
press the contiguous earth, or to throw a little water on the spot when- 
the two plates were sunk, iu onler to excite a deviation, which would 
afterwanls very gradually disappear. It was also found that on with- 
drawing the plates from the ground, when the deviation had ceased, the 
latter reappeared, if tbelilates were replaced in the earth either at thf 
same or at any other i>oiut. It is scait^-ly necessary to say that when 
n current was made to pass, with ele<rtro<les of copper, across the mixed 
circuit, the effects of secondary (wlarity were realized. 
. In conclusion : then' would be no si^cnrity in the resiUts if, in these 
experiments on the electric cuiTent of the earth, electrodes of copiK-r 
were used without the proju'r precaution ; but by employing those elec- 
trwles only after they have been lelt buried for twenty -four hours in the 
earth and with a closed cii-cuit, the proper carrents of the earth are oh- 
taineil with the same deviation and the same constancy as with elec- 
trodes of zinc, and even with greater intensity j and this probably 
throngli the greater extension and depth of the electrodes of coi»i)er in 
comparison with those of ziue. 

Oiilranomeicr. — I' u fortunately I have not been able always to use, in 

these protracted experiiaents, the same gulvanoaieter ; nevertheless, iu 

two of the most iini>ortant series I have constantly nstnl a giilvaiiometer 

1 of L'.OItO coils, witli a distinctly astatic system, and which underwent no 

variation iu the whole series of ext>erimeuts. 

When I have wished to ascertain the electric state of the atmo- 
spheri', J have used a tliin woo<len red. or 7 metres, (20 or 23 feet) in 
l^ight. At the u|»i»er extremity of this rod a iwreelain insulator wns 
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fixed, which bom a small nrm of iron with a <liiniiuiti\~e pulley. By 
means of a silk thread and of the pulley, 1 elevated a copper wire cov- 
ered with gutta -pereha, which, at the upper extremity, was terminated 
by a large uncovered iwrtiou coiled spindly, into which I introduced a 
sort of comet, formed of divers layers of touch-wood, and kindled it at 
the moment of the experiment. The lower extremity of this copper wire 
was united to the ball of an electroscope attached to a dry galvanic 
pile. 



Experiments nnder these conditions have been often tried, by placing 
the electrodes of zinc sometimes in contact ; sometimes at distances 
varying from 10 to 20, 50, and 100 metres. It is^ in fact, by these ex- 
periments which I am accnstnmed to make pre\iously to undertaking 
those with mncb longer circuits, that I satisfy myself that there is no 
heterogeneity between the electrodes of zinc formed in the manner above 
described. I have been thus enabled many times to ascertain that if 
on such an occasion there was a slight deviation it depended on tlie 
vases of terra-cottar, and that there was no regularity in the currents 
thas obtaine<l on transporting the vases to different distances within 
the above limits. In fact, the current is sometimes found to increase on 
a wider separation of the vases than to diminish or even disap)>ear, and 
sometimes to an inverse order on the removal of the vases to still greater 
distances. In these cases I have always socceeded in recognizin'^ that 
there was a difference in the physical qnalities of the ground. Thus a 
cnrrent arises if one electrode be placed in a soil charged with loam, 
and the other in an argillaceous soil ; and in operating on the sands 
a^ljacent to the sea, a current supervenes if the electrodes be stationed 
at different distances from the beacli. But the effects of these differ- 
ences of soil are only manifested when in contact with the vases cou- 
taining the electrodes. Hence, if it be found that a current exists be- 
tween two points at a distance of 15 or 20 metres (19 or 66 feet) from 
one another, we may be sure of causing it to cesise by excavating at 
those points two boles, which need not have a diameter of more than one 
metre, (3 feet,) and filling them with the same earth, into which the 
vases with the electrodes are then to be introduced. It is advisable, 
therefore, to pursue this course when operating with mixed circuits at 
great distances, provided it be not previously ascertained, as I have al- 
ways attempted to do when practicable, that the deviation remains in- 
variable on reversing the [losition of the electi'odes and their vases. In 
order to remove all doubt as to whether tlieearth in which the electi^odes 
were sunk might not intlueuce the results found when the circuits were 
ver>' long, I have been accustomed to make, at each of the extreme sta- 
tions, four or five holes at a distance of 10 or 20 metres (^ or 6C feet) 
one from another, and to proceed forthwith to the proof of homogeneity 
by changing the position of the vases. 

I pass now to a description of the experiments made on such mixed 
cinmits as are much longer than those just described, on circuits, namely, 
having the full length of a kilometre, {3,281 feet.) With a view to ex- 
periments of this kind, I' selected a large, horizontal meadow, adjacent 
to the Amo, and forming part of the Cascine of Florence. The earth of 
this meadow^ at least to the depth of the 25 or 30 centimetres (10 or 13 
inches) requisite for imbedding the vases of the electrodes, possessed 
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apparently the same physical qualities, being, in fact, an arennceons 
formation, as is commonly the case in the neighborhood of rivers. The 
electrodes of zinc were placed successively at the distance of half a metre, 
(20 incliea,) theu of 11 metres, (36 feet,) then of 148, (328 feet,) then of 750, 
(2,i01 tteet,) theu of l.OCO, (3,477 feet.) Ateach of these stations I exca- 
vated four or five holes, iu order to vary in every instance the position 
of the electrodes. The ex[>eriment8 were made by snccessively advauc- 
ing and then returning to the snme holes; by stretching the skein 
(metasga) of co])per wire covered with guttapercha, iti conjunction with 
its head, (T) to one of the electrodes, aud then recovering the skein and 
turning back again. The copper wire covered with gutta-i>erclia was at 
one time stretched upou the ground, at another suspended upon )>oles, 
at another buried in the grass. It is superfluous to add that, iu making 
these experiments, all the precautions above described were employed, 
in order to obtain and preserve the homogeneity of the electrodes. 

The result obtainetl from these experiments, maJiy times repeated, 
with every precaution to secure ei:actne83, was that ta a mixetl circuit, 
formed of a metallic line and a stratum of earth, hoHznntal, or as nearly 
so aspoMible,ofa length not greater than a Jdlometre, (3,281 feet,) under a 
clear sly, and tcith the air calm, tltere is no proper current of tlw earth rfw- 
corerabte with a galvanometer of 2,000 coils. Yet, in a circuit of this 
length, I have noticed, on days of storm and atmospheric disturbance, 
sudden deviations under the action of the electric dischai^es. 



With the aid of the corps of engineers, I was enabled to establish on 
the great plain of San Maurizio, distant 22 kilometres (13J miles) from 
Turin, a plain set apart for military maneuvers, two mixed circuits, 
each of which consisted of a stratum of earth aud of a copper wire, 2 
millimetres {^ of an inch) in diameter, and covered with gutta-percha. 
One of these wires was stretched iu the direction of the magnetic merid- 
ian, the other Iu a plane i>erpendiculiir to that meridian. Both wires 
had abont the same length, namely, 6,400 metres, (4 miles.) The copper 
wire was su8i>ended u^ton small wooden poles, such a^ are used in held 
coustmctions of telegraphic lines. At the extremities of the two lines 
a hole was excavated, of a rectangular form, with a depth and length 
of 2 metres, (7 fe«t,) and a width of 1 metre, (3 feet ;) in the bottom of 
this hole a cavity, or capanle, such as has been above described, was 
constructed, having a width and dejith of 30 centimetres, (1 foot,) aud 
lined with clay, so as to allow no filtration of water. The four cavities 
were then filled with the same water, which was that of a copious waste- 
pipe of one of the canals which traverse the plain ; iu this water the 
porcelain cylinders, with the electrodes of zinc, were immersed. 

The first experiments were directed to a verification of the eqnal eon- 
ductibility of tlie two mixed liues. It should be premised that the two 
metallic lines, north-south and east^-west, were iuterrnpteil about mid- 
way, nu<l entered at that point iuto a small chamber, where I ha<l sta- 
tioned the galvanometers. In the greater aomber of the experiments I 
nscd a galvanometer of 1,500 coils, with an astatic system ; unluckily, 
this instrumcut sustained some injuries in beiug tram^iorted, when the 
experiments were flnishe<.l, to Turiu, so as to l>e no longer capable of 
beiug operateil with. 

To measure the couductibility of the two mixed circuity I caused the 
corrcnt of a good Daulcll's battery to imss, tirst in oney^ndthea iu the 
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other, ftiid determiued with a rheostat the coHdiictibility of the two cir- 
cuits. The difference bet'Weeu the two was, from the lirst, very small, 
aud it was oiily necessary to excavate by a centimetre, {-^ of sin inch.) 
OT thereabouts, the two holes of the line which hail tlie greater resist- 
ance, in order to render both of equal and constant resistance. Proof 
of homogeneity was also made by fllliug two large boles, which had' 
been excavated in close contiguity, with the same earth procured in 
forming the holes at the extremities of the lines. In the holes thus filled 
1 formed the two capsules already described, and introduced therein the 
osnal electrodes; when these were in operation, having been first well 
prepared, no current was found on the introduction of the electrodes 
into the holes. 

After these preliminary arrangements I commenced a series of observ- 
ations which were continued about a mouth, from the 12tU of March to 
the loth of April, 1861, being the season generally of clear skies .ind of 
cool aud dry air ; there were two or three days of a strong easterly wind 
and one of storm with rain. For the space of ten ilays the observations 
were never interrupted night or day, and two soldiers who relieved one 
another were stationed as a guard at each hole. The galvanometer used 
wati one of 1,500 coils aud gave a fixed deviation of 6(P, with aDaniell's 
battery introdnced into one of the mixed circuits. 

The following were the results obtained from the long series of ob- 
servations made in the manner and at the time indicated : 

1. In mixed circuits, formed of a copper wu'e, aud a stratum of earth 
verj' nearly horizontal and about kilometres [-1 miles) long, there is 
always an electric current which circulates with intensity and in deter- ' 
minate directions according to the direction of those circnits in regard 
to the magnetic meridian ; this current cannot he absolutely attribnted 
to the heterogeneity of the electrodes, or of the terrestrial strata in eon- 
tact with those electrodes. 

2. These currents have an intensity which increases in proportion to 
the depth at which the electrodes are sunk beneath tlie surface of the 
earth, from 50 centimetres (20 inches) to 2 metres (7 feet.) This greiiler 
conductibility possessed by the mixed Unes in proportion to the depth to 

. which the electrodes are sunk, explains the variation discovered in the 
intensity of-the electric currents of the earth under these circumstances. 
This result is in conformity with that which is observed after rain, and 
which is due to the greater humidity of the ground iu contact with the 
electrodes. 

3. When the cavities in which the electrodes are sunk have a depth 
of 2 metres ( I feet) or more, or when the electrodes are immersed iu the 
water of wells, the extension of the lamina of zinc and the diameter 
of the porous vas^s have little influence on the intensity of the terres- 
trial ciurents. 

4. In the circuit extended along the magnetic meridian or south-north, 
the electric current had always a constant direction and an intensity 
which varied very feebly while manifesting a certain perioil. For a 
month, several hundreds of varied observations showed that the terres- 
trial current was always directed in the metallic part of the circuit trom 
south to north, and that the needle of the galvanometer never became 
fixed at zero nor iu the opposite quadrant, and that its oscillations were 
always small and very slow. 

5. On comparing with one another the slightly unequal deviations ob- 
tained in nine entire days of constant observation, it results that the 
carrent in the south-north circuit presents in twenty-four hours two 
viaxima aud two minima of intensity. The two minima occur, one iu 
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the day, and the other in the night, at very nearly the same hooFR, 
iiamelj- from 11 to 1 o'clock. After 1 o'clock at night the current in- 
creases, and &om 5 to 7 o'clock in the morning a maximum is noticed ; 
in the (lay this maximum oscillates between 3 and 7 o'clock in the after- 
noon. The differences between the minimum and maximum of intensity 
are a litte greater than that between 1 and 2. 

6. IiL the circuit peipendicular to the magnetic meridian the results 
are very different and subject to great variations. It frequently occurs 
that the needle is seen to remain at zero, or oscillates to one side or tba 
other of that point, moving tvom 2° to S° and even to 14° and 15° on 
the same side. The direction of the current most frequently observed 
in this circuit was from west to east in the metallic part. In general 
the needle is never fixed and somelimes executes very wide and rapid 
oscillations. 

7. It was never noticed that the differannes of temperature, which 
fluctuated between zero (32° F.) and + 18° (65o F.) and + 20o C. (08° F.), 
the varying bnmidity of the air, or even rain, had any influence ou the 
direction of the current existing in the cireuit extended along the mag- 
netic meridian. 

8. These results were not varied on changing the position of the 
metallic portion of the circuit — that is, on using the metallic liue ex- 
tended on the ground or suspended ou poles. 

EXPEEIMENTS ON MIXED CIRCUITS OF A LENGTH VARYISG FROM 
200 »ETBE8 TO MANY EILOMETBES, THE ELECTRODES BEINO SUXK 
IS THE GEOUND AT A GBKATBE OB LESS DIFFEBEKCE OF ELEVA- 
TION. 

The first experiments of this kind were made on the hill of the Villa 
della Eegina, near Tnrin. The mixed cireuit established there was 
composed of an iron wire insulated in the usual manner, and about 600 
metres (1,969 feet) long in a straight line, with a direction intermediate 
between S. E. and N. \V. : the two extremities of this wire were united 
to the usual electrodes of zinc sunk in the ground at a difference of 
level of ISO metres (192 feet.) In these experiments also the pits in 
which the electrodes were sunk had been filled with the same earth, 
and the capsules or cavities already described were then formed and 
lined with clay. In some of the experiments, the poreelaiu cylinders 
and the zinc electrodes were suspended in the water of two wells in the 
manner before stated. 

The experiments have t>een continued month after month, at different 
seasons of the year, and not rarely the needle of the galvanometer has 
been observed for entire days at very short intervals of time. I hare 
coiutantly found in the circuit in questionan ascending current in (Ae metal- 
lic line, of an intensity which in clear and calm days was constant or 
manifested very inconsiderable oscillations. 

The position of the electrodes was frequently changed, by placing 
lowermost that which was highest, and vice-reraa, yet the curreut 
never varied in direction, and very slightly in intensity. For a certain 
time the galvanometer used in these experiments was that of 1,500 coils, 
which bad served me ou the plains of Uan Mnurizio, iu the experiments 
with the cireuits of kilometres, (4 miles,) and the intensity of the current 
was always fonud to be much greater than that realized in the cireuit 
of G kilometres. The ascending hill-curreut was, with this galvanome- 
ter from 20° to 25°, while that realized in the cireuttofC kilometres, and 
wliere '•flnsequ^utly the resistance was much greater, never exceeded 
5 to 6 degrees in the line of the magnetic meridian. The intensity 
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of tlie ascendiug current was not altered by tlie substitution of tlio 
copi>er wire covered witli gatta-perclia for the insulated iron wire, nor 
were any differences noticed when tbe wire was extended ou tlie ground 
covered with grass or with snow. 

I have seen tbe intensity of tbe current incrensed by placing the 
electrodes in tbe ground at a depth of 10 centimetres (4 inches) below 
tlie bottom of a pit from 1 to 2 metres (3 to 7 feet] deep; nnd while in 
excavations of inconsiderable depth, the aM^nding current has marked 
from 15° to IC^, in those much deeper, and iu wells, it has indicate<l 
more than 20°. When the electrodes are iu a very supertlcial stratum 
the deviation is less fixed than wheu they fioat in tbe water of wells. 
In the latter case the deviation remains constant from hour to hour, if 
the day is clear and calm, nor is it changed by reversing tbe iwsitiou of 
the ele{;tn>des in the wells. 

It may, I think, be of use to cite here a series of numbers whicli 
exhibit the de\iatious realized on certain days of July, Ififri, with elec- 
trodes sunk in excavations having a depth of 2 metres (7 feot.) The 
atmospheric electricity was of moderate intensity and constantly iwsi- 
live; tbe sky iu part clear, and iu part overcast. The galvanometer 
with which I operated was one of 2,«(M) coils. 
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It is impossible to discover in the aambers here reported any relation 
between the intensity of the terrestri^ earrent and the hour of the 
dny. The aagmentation observed at the cloae of the 16th day, and iu 
the morning of the ]7th, van probably owiiiK to the rain which fell in 
that iiitei^al, and iu fact this resalt never fails to be obt^ioeil when vre 
sprinkle two or three buckets of water around the electrodes. In the 
first hours of each of the days cit«d, I assured myself of the homoge- 
neity of the electroiles by immersing them simultaneously iu the wat*^ 
and from time to time reversing their position. The most imimrtaut 
precaution is that of frequently ascertaining that the water maintains a 
constant level in the cavities iu which are immersed the porcelain cylin- 
ders of the electrodes. 

I ftirther report the numbers obtained in one of the observatious 
which I condntitcd with the electrodes suspended iu two wells, oue at 
the top, the other at the base of the bill before meutionud. These num- 
bers were obtained with the galvanometer of 1 ,5UU coils. In this esiwr- 
imeut the position of the electrodes was twice uiverted. 
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It is evident from the above that the deviation produced by the use 
of electrodes floating in the water of wells is more constant than that 
resulting from their employment when sank, as we have described, in 
the earth, for iu the latter case the water in which the cylinders are 
immersed is continually decreasing. I ought here to observe that, 
having taken advantage of a well, situated midway on the slope of the 
hill of Turin, I rt'iieated these experiments with the same length as 
before of the metallic line, and in one case with a stratum of earth ex- 
tending from the base to about the middle of the bill, and iu the other 
<;ase from the middle to the top, the electrodes being all the time im- 
mersed in wells; in the exjwriments in which the terrestrial circuit was 
thim about half that before uaetl, the fixeil deviation of the ascending 
cnrrent was lU^ ; much less therefore than that obtained lietweon the 
base and summit of the hill. 

I deem it proper fiirtlier to describe the principal results derived from 
an uuinterruptetl series of ex|>eriments made through aU the months of 
last summer, in the hills around Florence. The Hue was comi>osed of 
the usual copper wire coveretl with gutta-percha, suspended upon poles 
and interrupted about midway of its entrance into the laborator>-, where 
the two ends were immersed simultaneously with the wires of the gal- 
anomoter of l,oUO coils, in two small vases filled with quicksilver. In 
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many experiments I have ased another bnt similar line, wliicli enabled 
me to test, by eomparisou witli one another, tlie two eleetiwles immersed 
in close contiguity, now in tlie lower station, now in the upiH'X. TLe 
electrodes wei-e the usnal plates of amalgamated ziflte, immersed in the 
solution of sulphate of zinc contained in porcelain cylinders, vbich cyl- 
inders were immersed in tiirn in well or spring water contained in two 
rases of ten-a-cotta, bnried in the earth. It is nseless to state that 
tbese electnKles weie lirst tested, and that every proeaatioii was used 
to ascertain their homogeneity. At the two extremities, atler selecting 
a soil having very nearly the same qualities, I excavated two holes, with 
a width and depth of one metre, {S feet,l which I filled witli the same 
earth, and into the holes thus prepared introduced the vases with the 
two electrodes. On each day of experimenting, I began and finished 
by reversing the iiosition of the vases, in order to assure myself that 
the deviations were independent of the electrodes, and that, when tested 
in contact, the latter were iterceptibly homogeneous. The difierence of 
t?vel between the two electrodes was abont '>5 meti-es, (180 feet.) 

Simultaneously 'With the obsen-ations of the electric currents in the 
circuit, I studied at the extreme stations the atmospheric electricity in 
the way already described. On clear and calm days I have always 
found very strong signs of ijositive electricity near the upper station, 
and no signs or very weak ones of the same electricity in the valley 
below, near the lower station; indeed, at this station the same thing 
occurred even in stormy weather. At the upper station the signs 
changed according to the intensity and distance of the existing stonn, 
as we shall again mention. I select the numbers obtained on the 2d, 
'5d, and 4th days of July, when the air was warm and dry, and the 
weather calm with the exception of a <li.stant storm which was observed 
on the 3d, some hours after midday. On the 2d, from morning until 10 
at night, the current continued to ascend in the metallic line, and re- 
mained fixed at between 15° and IC^ during the morning, and between 
11° and 12^ in the afternoon. The results of the 3d were the following: 
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The electrodes having been left in place all night, the current was 
found the next morning, fixed at between 14° and 15°, and the same 
deviation remained on reversing the position of the electrodes. 

I re^mrt also the numbers obtained May 30, on which day a peculiar 
storm occurred, a strong sirocco wind having prevailed, white for some 
time the sky was covered with dense clouds traverseil by electric dis- 
i^arges in the distance. Bain also fell. 
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■J Keedle oadUate* betweei 

Up to this moment the needle oscillated slightly; bnt afterwards, 
under the action of the Btonn, the needle made great oscillations, thoagli 
always to the side in which the current maintains it, and at the close of 
tiie day the deviation seemed fixed at about 60°. It has already been 
Mtid, ^at on July 2, with a clear sky and the air warm and dry, tbe 
de\iation was re-established and fixed at between 15° and 16<^. 

Dining a stonn on the 7th I kept the electroscope in exercise for a 
length of time at the intermediate station, and constantly realized great 
oscillations of the needle, even to zero, when the instrument gave nigns 
of negative electricity or very weak signs of jmsitive electricity. Under 
strong winds also tliese oscillations were verified. Again, the uttual 
deviation of the asceudiug current increased slowly or rapidly, acconling 
as the clectroscoi>e inditiated a corresponding augmentation in the signs 
nf positive electricity, or a sudden augmentation of the same electricity 
at the moment of a fiash of lightning. In many other series of experi- 
ments, which I deem it needless to report, I have always found in t:alm 
and clear days a deviation nearly constant, a result which I have never 
witne.S3ed during storms nor even on clear days during high winds and 
great oscillations of the atmospheric pressure. 

I proceed to describe the experiments executed upon a mixed circuit 
in which the metallic conductor, an iron wire of 3 millimetres, (J inch,) 
and well insulated, had a length of about 45 kilometres, (28 miles.) The 
two extreme stations, which were Pontedera and Volterra, were at a <lif- 
ference of elevation amounting to 540 metres, (1,772 feet.) The experi- 
ments were performed in the nights of the 11th and 23d of July, under 
a calm and serene sky, commencing at 7.30 p. m. and terminating at 
4.45 a. m. 

In the line between Pontedera and Volterratbe telegraphic offices are 
closed at night ; and in order to be more certain that no current of the 
telegraph conltl be introduced during the experiments on the line, I pro- 
vided for an interruption of the latter at each extremity, at the distant^ 
of a pole or two from the office; at tbe ixtiut of intemiption 1 soldered a 
piece of copper wire covered with gntta-t>ercha, which at tbe station of 
Volterra descended immediately into the earth, where it was united to 
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tbe electn>de of ziuc sunk in the ground in the iisiinl lunnner, while nt 
the station of Pontedera, where the gaivanoiaeter was placed, tlie above- 
lueutioned wire proceeded to ouc of the euda of the g-alvaiioiuvter, while 
the other end was made to couimiiuicate with a cojiner wire covorpd 
with giitta-peroha which terminated at the earth aiuf united with the 
other electrode of ziuc. 

Tbe following are tbe numbera obtained fi^m the two expeiimentst, 
in both of which the constant deviation of the needle indicated the uaual 
aseendiug current iu tbe wire: 
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In these experiments, especially in that of the night of the 11th of 
July, tbe dcAiation had been coustant in the interval between one obser- 
vation and another, and tbe variations took place very slowly. Bnt 
this constancy was not so absolute as tbat noticed iu the pi-evinns 
experiments with a short circuit; tbe needle in these experiments 
between Voiterra and Pontedera having constantly exhibited a sort oi 
tremulous oscillation in an arc, which was never greater than one 
degree. Moreover, aa well in the experimenta of the lltb aa in those 
of the 23d of July, it was observed that, thrice on tbe former and four 
times on tbe latter night, at varioaa intervals of time, the deflected 
iieedle, which had aeemed fixed, suddenly descended to 0^ and oacillate<1, 
oftenest for a, tew aeconda, but on one occasion for about an hour in the 
opposite quadrant, never taking a fixed directiou, and returning by a 
rapid movement to ita atjitionary position under tbe ascending current. 
These extraordinary movements of tbe needle, I am persuaded, though 
without being able absolutely' to affirm it, were independent of the errors 
of the exi>eriments, even counting among these the case of a voltaic 
cnrrent introduced for a moment into tbo circuit at Voiterra, where I was 
not preseni. 

The last series of experiments which I shall report, relates to observa- 
tions made on a long telegraphic line from Ivrea to Coarmayeur, first in 
October, 1864, and again in Ifovember', 1866. These experimenta were 
made in three different sections, of which tbat line is composed. The 
first, between Ivrea and St. Vincent, nearly parallel to tbe meridian, is 
3C kilometres (21! miles) in length, with a difference of level between tbe 
extremities of 281 metres, (92^ feet.) The second section between St. 
Vincent and Aosta is 25 kdometres (16 miles) long, and the difference 
of level, S3 metres, (272 feet.) The third, between Aosta and Courmayeur, 
at the extremity of the valley at tbe foot of Monte Bianco, is 27 kilo- 
metres (17 miles) long, and tbe difference of level of tbe two extremities 
612 metres, (2,103 feet.) In 1864 the experiments were made separately 
in the tliree sections of the line; in those of 1866, only two sections, 
that, namely, between Ivrea and Aosta, and that between Aosta and 
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Conrmayeiir, were brought iuto requisition. The wire was thfi nsnal 
iron oiie, frota 3 to 4 tnillitnOtres d^-iucli) iu diameter. 

Before the exiwriineiits, the entire liue had beeu iiis[>ect«ct, repaired, 
and insulated witli care, so tluvt there waa uo sensible movement in ilie 
needle on introducing a current iuto the line, while the opposite end 
was insulated in the air, I employed the usiuil electrodes of zinc, im- 
uiersinjr them iu the wat«r of wells when [ conid, or introducing them 
into holes made in the ground and filled with identi«illy tlie same water, 
which was that of the i>ora. Between Ivrea, 8t. Vincent, and Aosta, 
the experiments were always msiAe in the uiglit, when the telegraphic 
offices were closed ; in the last exi>erimcnts between Aosta and Conr- 
Diayeur, where the telegraphic service ceases iu September, the experi- 
ments might be made with confidence at auy hour of the day. The 
results obtaiued in the flrst series of experiments, as heretofore de- 
scribed in the Comptes-rendua of the Academy of Paris, (September 19, 
186-1,) were aa follows: The electric currents obtained in the three lines 
of the valley of Aosta, notwithstanding the much greater resistance of 
the metallic portion of these lines iu comparison with the line of COO 
metres, (l,9ti9 feet,) on which I had o);)erated in the hills near Turin, 
gave with the same galvauometer much stronger currents, Jiieasured by 
the deviations more or less fixed of 4lP, 6(P, and even 80^, iusteati of 
20° to 2o° at most obtnined in the shorter line. At all times, when the 
deviations became fixed — and this was sometimes the case, even for the 
space of an hour — the deviation indicated an ascending current in the 
metallic liue. But a certain tremor of the needle was noticed, and &om 
time to time, as iu the exj>erimeuts between Pontedera and Volterrs, 
the needle descended suddenly to 0^, about which it oscillated, or even 
passed iuto the opposite quadrant, returning afterwards to the fixed 
deviation prescribed by the ascendiug currentof the wire. In tliis case, 
also, I have every reason to believe, though I will not a'bsolulely aSirm 
it, that uo voltaic curreut was iutroilnced at such moments into the 
circuit so as to produce the oscillations in question. 

The exi>eriments made ui November, 1800, were conducted under 
better conditions when the corresiwndence between Courmayeur and 
Aosta had been suspended for two months. In these I was assisted by 
Signor Eccher, a4)niict of the chair of physics iu this museum, to whose 
zeal aud love lor science it is due that even under unfavorable circum- 
stances of weather aud place, estwcially iu the winter, all po&sible pre- 
cautious were used iu order that the experiments might yield exact 
results. At each extremity of the line three similar vases of earth were 
sunk rn a formation of nearly identical qualities at a certain distance 
from one another, and the current was inejisured by transferring in 
. succession the' electrodes of zinc immersed in {wrcelnin cylinders and 
aecertaiueil to be homogeneous, now to one and uow to another of the 
earthen vases, all of which, at either extremity, were filled with water 
Irom the same source. 

The exi>erimeuts between Aosta and Courmayeur were made on the 
3d of Xovember, 1866, at 8 o'clock iu the morning; the atmospheric 
electricity at Courmayeur was feebly iwsitive; snow bad fallen in the 
night on elevated pla<«s, and the clouds were dissipated only at the 
rising of the sun. At 8.45, the line was tested iu order to ascertain iV^ 
iusulation, which was found to be ^terfect. The experiments yielded 
the following results: 
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It is proper to add that at the two stntioiis of Aostn and Oounniiyenr, 
two electrodes of copper were also in oi>eration, consisting of two plates 
of that metal, with a surfoce of alwnt a third of a sqiiijre metre, and 
buried at a depth of about one metre. These jdates were employed as 
electrodes after having bL-en buried tor two days. On the day of the 3d- 
of NnveDiI)er, with these electrodes of copi>er, and at intervals of some 
hours, there was a nearly flxed de\'iation in the same direction with 
those of the electrodes of zinc, and indicating, from 12 o'clock to 12.4S, 
successively (Ko, 70°, 69o, and from 2.iO to 3.^, 69o and C8o. All the 
deviations above rejTOrtec! indicated an axcendiitg current in the metallic 
portion of the circuit. 

I shall only cite, !ii addition to the above, the ex[>eriment8 made on 
the line between Ivrea itud Aosta, having a length of about 1(10 kilo- 
metres, (99 miles,] andadifferenceof level between the extremities equal 
to SW metres, (1,194 feet.) These exiwriments were conducted precisely 
like those just descrilted at length, between Aosta nnd Oonrmayeur, 
and were execnted dnriiig the days of the 5th and (ith of November. 
The atmospheric electricity, always iwsitive, was at Aosta considerably 
more intense than in the experiments made at CoTii-niayeur. 

The current which circulated in this line was constantly an nscending 
one in the metallic part of the circuit, and for many hours the deviation 
oscillated between 40*^ and 50°. On the second day the air waii \ict- 
fectly serene, the sun lustrous, and the signs of atmospheric elcclricity 
constantly progressive. The needle remained detlected for several 
hours, and apparently flxed between 69° and 64° by an ascending cur- 
rent in the metsUio line. Here also the plates of copper, sunk in the 
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ground at the depth of a metre, (3 feet,) were tried as electrodes, and 
the devtation obtaiued, the needle continuing nearlv immovable, was 
from 6i° to 05°. 

GBNEEAL COHCLUSIOMS. 

The ex[>eriment8 described in this memoir point to the following con- 
clusions : 

1. If a metallic line be insulated ftom the ground or saspended at a 
certain height, or in actual contact with the ground, and its extremities 
be suuk in the earth, in good communication with the latter by meaos 
of perfectly homogeneous electroiles, with a certainty that there does 
not exist any electro- motive force between the parts of the metallic cir- 
cuit, or between the earth and the electrodes, it will he found that there 
is in that line a constant circulation of electricity, whenever the line, 
having a rectilinear length of at least G kilometres, (4 miles,) has its ex- 
tremities sunk very nearly at the same elevation and in a horizontal 
stratum, or, if the length of the line be much shorter, when its extremi- 
ties are sunk in the ground at a different degree of elevation. 

2. When a metallic line has a length of 6 kilometres, (4 miles,) and 
its extremities are sunk in a horizontal stratum, there is lu that line a 
current having a constant direction from south to north, if the line be 

' extended on the meridian ; if the nire be extended in an equatorial di- 
rection, the signs of the electric current which circiUntt-s therein are 
very variable and without a (ixed direction. 

3. In a metallic line much shorter, say MO metres ^0$4 fei^t) to com- 
mence with, there is a constant circulation of electricity, if the extremi- 
ties are sunk in the ground at a different elevation as regards one an- 
other. In that case, the current is one constantly ascending in the me- 
tallic line. ' 

4. This ascending cmrent has au intensity which, notwithstanding 
the greater resistance of the circuit, increases with the length of the 
circuits, and iricreases also with the difference of level of the iK>ints at 
wliich the extremities of the line are sunk. But in circuits which are of 
considerable length, and In which there is a great difference of altitude 
between the extremities, the intensity of the ascending ciin-ent is not 
so constant as in short circuits. 

These results change in the presence of storms, and also in great at- 
mospheric perturbations ; in such cases the intensity of the terrestrial 
current, and likewise its direction, are subject to very considerable va- 
riations. 

Hypothesis respecting the origin of tfw terrestrial current. — I shall be 
verj- brief on this iwint, as these researches are still deficient in that ex- 
tent which would be retjuis't* for success in interpreting apheuomenon 
necessarily obscure and highly complicated when submitted to rigorous 
investigation. 

When we consider that the resistance to the electric current of a ter- 
restrial stratum is nearly null, and that it does not vary with the length 
of the stratum, it is not easy to see an analogy between these currents 
and derived currents properly so called. 

Associated as the terrestrial currents are with the apparition of the 
aurora boivalis, and with the great variations of terrestrial magnetism, 
the probability naturally suggests itself of an intimate relation between 
these currents and the causes of the magnetism of the earth, as well a» 
of the electric state of the earth itself and of the air. If, as has lK>en 
proved by experiment, the earth is a bwly charged with negative clw- 
tricity ; if, as in effect is the case, the tension of this electric state of the 
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eartb incrensea with tlie altitude of terrestriAl points, it can be cod- 
ceireil tliat a Dietallrc liue, oue extremity of whieli touches tlie Imttom 
of a rallf y and ttie otlior a samiiiit, sliould be traversed bv uu ascciuling 
electric current, with an inteusity proportional to the difference of the 
electric imtentia titles of the two poinla. Since, then, the electric state 
of the earth varies even in clear, and calm days at tlie various hours of 
the day, the electric current of the earth also might derive, from that 
law of atmospheric electricity, its origin in metallic lines, touchiug the 
ground with their extremities, provided the lines be very long ones. 

But phenomeuu bo obscure and complex demand great reserve in any 
attempts which are matle to explain them, and it is only from those new 
and persevering researches which we invoked at the beginning of this 
memoir, that greater light can be hoped for in regard to a phenomenon of 
so much importauce in terrestrial physics. 
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We shall occupy ourselves on tbis occasion in the discnssioo of a 
question which is connected with our first studies on motion, as one ot 
Uie ftiiictions of life, namely, with the — 

NATUBE OF FLICnT IN THE AIOUAL KINQDOM. 

night is a process of locomotion, in some cases indispensable and in 
others accessory to the life of an immense number of living beings. It 
is not confined to insects and birds that live habitually in the air, or to 
certain mammal:!, such as bats, but is also common to animals which 
are essentially confined, by their organization, to a terrestrial or aquatic 
life, such as Hying and dragon fish, gecko-lizards, and, above all, to ptero- 
dactyles, a race at present extinct. The field on which we are about to 
enter is very extensive ; and although it bas been long cultivated, it 
would not be surprising if we should find that it bas not been entirely 
exhausted, or that it is still capable of yielding new facts. 

In beginning, for the first time, the study of locomotion, we shonld 
address ourselves to the origin of the phenomena connected with the 
subject, and we would pause upon the elementary apparatus which is 
its special organ, namely, miucular fiber, and also upon the elementary 
function of tbis indispensable organ, namely, muscular cmitraction. We 
have, however, considered these in their general application to motion 
in previoas lectures, and need only recall them to mind iu tliis place. 
The evident manifestation of animal motion is the production of a 
change of place, or locomotion ; but what we are now to consider espe- 
cially is aerial locomotion or flight. 
! Animal motion presents a series of complex phenomena; for exam- 
ple, when we bend a finger, and examine the series of events which 
occurs in the production of the desired result, we find, at the beginning, 
first, the operation of the will,or ap«yc/i(oa{ action; secondly, the trans- 
mission of the infiueuce of the will, or a nervoiu action; thirdly, the 
contraction of the muscles, or muscular action; and, fourthly, the motion 
of the finger, which is a mechanUMl action. In the study of these phe- 
nomena with which shall we commence T A philosopher of the past, a 
Spiuozist, would not hesitate iu answering, hat would say at once, the 
logical order should be observed; the examination of the action of the 
will should be first made; and the other phenomena deduced from the 
result of this, as the primnry cause. But this method is the one which 
the modem school of science rejects. The investigators of our day re- 
verse this order, and, instead of descending from causes to effects, ascend 
fh»ra effects to causes, from more simple and evident phenomena to those 
which are more complex and hidden. If we first attempt to grapple with 
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the psychical phenomena in the series we have mentioned, we- sbnll find 
ourselves at once encountering difficulties far beyond our jiower to over- 
come. If it be tme, as has been said, that all investigation, when reduced 
to its ultimate element, is measurement, bow can that be investigated 
which is beyond the reach of all measurementl What unit will serve to 
express in' figures the phenomena of intelligence, will, and senaVnlitgf 
These, although similar in some respects, and belonging to tlie same gen- 
eral class of phenomena, are so heterogeneous to others with which they 
are associated as to admit of no comparison. Physiologists, therefore, 
address themselves, as we have said, at first to the study of the phenom- 
ena which offer the most easy study, and these are almost always the 
last terms of a series ot acts such as those which I have mentioned. 
Each successive discovery, then, facilitates further advance, and enables 
the investigator to rise toward results which at first appearunattainable, 
and to elevate himself almost to the level of those questions on which 
Bi>eculati ve philosophy lins sjient itself in fruitless efforts. We, therefore, 
commence with the study of muscular action. The first step iu this 
was made when the unattainable iiifiuence of the will was replaced 
by the electrical stimulus; muscular contraction then commenced to be 
studied by itself, separate froin all extraneous influences. 3 

You know of what assistance in studies of this kind is the application 
of the graphic method with the registering apparatus. It was by means 
of this method, and the instrument called the myograph, that Uelui- 
holtz, in 1850, prosecuted his admirable reeearches on muscular actiou, 
and I was enabled to add my contributions to the theory of muscular 
contraction. The myograph enables as to note the exact instant when 
the phenomenon begins, its duration, and extent; while the curve traced 
on the cylinder m^dies known all the circumstances of its production. 
7\ow, the possibility of noting the precise instant of the muscular con- 
traction furnishes us with the means of the examination of the second 
of the acts which form the object of our researches, namely, the trans- 
mission of the nervons force. 

Up to a very recent date, even as late as 1845, it was thought that 
sensitive impressions were transmitted to the brain from the extremi- 
ties, and that the impulse of the will returned with the rapidity of 
lightninj;, the time necessary for the transmission being regarded as 
infinitely small; and, indeed, some physiologists, MUller among others, 
contended that this point never could be settled by science. The honor 
of falsifying this prediction belongs to Helmholtz, who can-ied out, in 
1850, a programme of experiments, suggested by Dn Bois-Kaymoud 
five years before. He proved that the time taken by nervous force to 
traverse the length of a specified nerve could be accurately measured. 
After him, Valentine, Du Bois-Raymoiid, Donders, and Marey repeated 
the experiments, and considerably simplified the method of operation. 

In ail the researches the plan which was followed consisted, first, iu ex- 
citing a nerve in the neighborhood of the muscle to which it belonged, 
anddeterminingthe interval which elapsedbetweenthis irritation and the 
contraction which resulted from it; secondly, in 8timalatingthener%'eat 
a greater distance from the muscle, and determining how much longer con- 
traction was retarded than in the former caae. This delay necessarily 
follows from the greater distance which the nerve-impnlse has to traverse 
in the second case, and thus indicates the rapidity of this agent along 
the nerve which has been operated upon, or, in other words, furnishes the 
means for the deduction of the absolute velocity of the nervous im- 
pulse. Helmholtz found that about 0.0U175 of a second was occupied 
by a iiervous impulse in traversing a distance of forty-three millimeters, 
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whicb corresponds to a velocity of twenty-six meters per second. Tbis 
Telocity, however, varies somewhat with the couditions of the organ on 
which the experimeut is performed. I shall not dwell on these points, 
which are already published, but shall call your attention to tln% re- 
markable fact, bearing directly upon our thesis, namely, that the moas- 
nrcment of the nervous transmissiou enables as to rise to the study 
of psychical action. " Has thought no longer the infinite rapidity 
which has been habitually attributed to it, and is it possible to measure 
the time necessary for the formation of an idea or a determination of 
the will t" Such are the terms in which Donders expresses the prob- 
lem. 

The first researches on this interesting subject are due to the astrono- 
mers. Toward the year 1790 a curious fact was announced by Maske- 
lyne, who stated that in the estimation of the passage of ntars across 
the thread of a meridian telescope, there was a constant discrepancy 
between his observations and those of bis aid, Kinnebrock. Later, 
Bessel, comparing the observations of other astronomers with his own, 
perceived that moat of the observers signalized the passage of stais a 
little later than he did, the difference in some cases being more than 
a second. These observations attracted the attention of astronomers 
gener.illy. They commenced to studj' the phenomenon under the n.iiuc 
of the personal equation, and to ascertain its absolute value. Tu illustrate 
the method of obtaining this result, we shall only describe the process 
lately invented by M. Wolf, of the Paris observatory. He arranged a 
Inmiuons bull's-eye, a kind of artificial star, so that it moved at a uni- 
form rate along a curveil line, resembling the trajectory of a trno stnr. 
At the moment this luminary actually passes before the thread of the 
telescope, or at the moment when its center coinciiles with the central 
thread, it closes the circuit of a galvanic battery; at this precise instant, 
an electric current, excited by the completion of the circuit, records the 
passage of the star on a revolving cylinder. MoreoVer, the observer, at 
the moment when he perceives the passage of the artificial star before the . 
thread of the telescope, by pressing a spring, records the instant on the 
same chronograph. The interval between the two signals, estimated in 
fractions of a second, measures the lapse of time between the real pas- 
sage of the star and the estimation of its passage by the observer. This 
is the absolute value of the personal equation, which remains nearly the 
same for each observer, unless, being aware of it, be endeavors to cor- 
rect it. M. Wolf reduced his error from three-tenths to one-tenth of a 
second. 

From a physiological point of view, we may ask, What is tbis personal 
equation t The astronomers, Bessel and Faye, have suggested the hy- 
pothesis that an intellectual o|>eratiou is necessary for transmitting by 
a signal a perceived sensation. The ])henomenon has not tbe less gen- 
erality from having been at first signalized by astronomers, aud it may 
be said tliat a cerbiin time always elapses between the instant of occur- 
reuce of a phenomenon and the signal of an attentive observer that he 
perceives it. Tbe duration which separates the impression from the 
signal of the reaction has been called the j)Air«ioI«<rica! pmod. We owe 
very carious observations upon the variations of this physiological 
period ta U. Hirsch, (of Seufchatel,) and especially to M. Donders, and 
his pupils. 

Thus, the signal of reaction being always the same — for example, n 
motion of the hand, as in closing a galvanic cnrrent — it is observed tliat 
the signal is produced more rapidly if the impression is made upon tb<« 
sense of hearing than if it is exercised upon tbe sense of sight, and still 
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more quickly by tactile irritation. If the iinprossion is on the eye, tl»e 
reaction of the liantl takes place in one-fifth of a second ; if it in on the 
enr, in one-sixth of a secoad; ami on the sliio, in one-seventh of a second. 
Ttins tlie physiological periods itrp among themselves as the numbers 
one-fifth, one-sixth, one-seventh. But does this period of, tbr example, 
oue-seventh of a seconu, which elapses between the moment when the 
skin is- irritated and that when the observer moves his hand, corre- 
8iK>ud entirely to a psychical act I We answer no ; it is nef«ssary that 
the sensory impression should have time to reach the brain ; cei-ebral 
perception and volition being then accomplished, time is required ibr the 
motor impression to reach the muscle and determine its motion. Nor 
is this all. The impression once produced passes through the nei've 
with a known velocity, but this impression is not instantaneously pro- 
duced ; it needs time to take form, to bo completed before becoming 
ready to traverse the nerve. It is not sufficient, therefore, to deduct 
from the total duration of one-seventh of a second, the duration of the 
passage of the sensory nerve-force and of the motor nerve-force, to con- 
clude that the remainder appertains to the psychical act. These experi- 
ments do not exhaust the subject. They do not make known the dura- 
tion of the cerebral act, nor even whether it has a duration. 

M. Bonders instituted in the meanwhile a series of experiments des- 
tined to remove all doubts. His method consists in augmenting the 
physiological period until the measurement of the intercalated intel- 
lectual operation can be clearly observed. 

The following is the plan of one of his experiments: 

First case.— The observer knows that an electric shock will be given 
to Ills right foot, wliile the signal of reaction is to be given by the right 
band. 

Second case. — The observer does not know which foot will receive the 
irritation, and is instructed to give the signal by the band of. the irri- 
tated side. 

The physiological period measured in the two cases was longer in the 
latter by about one-fifteenth of a second. It is clear, all the other con- 
ditions being the same, tliat the diSerence in question represents the 
time necessary to determine upon which side the irritation had taken 
place, and to direct to the right or lett side, conformably with the idea 
acquired, the action of the will. Consequently the solution of a di- 
lemma reduced to the most simple form is a cerebnil action existing 
during one-fifteenth of a second. It is thus experimentally established 
that a cerebral action has a duration. We finally become assured that 
this dunitiou is augmented in proportion as the psychical action be- 
comes more complicated, and that it is diminished when the action be- 
comes simplified. 

lustead of exciting the organs of touch, Donders next experimented 
aa follows ou visual irritation : 

First case. — The observer executes a movement with the right hand 
npon the appearance of a white light. 

Second case. — A white light and a red light are employed, and the sig- 
nal of reiustion is to be given witli the right hand for the white light, 
and with the left hand tbr the re<l light. Under these conditions the 
solution of the dilemma consumes in the mind a more considerable 
time. On the contrary, in the case of auditory stimulation, the dilemma 
was solved by the mind in less time than in the case of visual stimula- 
tion. The author of these researches attril>utes this superiority of one 
sense over another to a facility derived from habit or exercise ; and, in 
fact, repetition tends to equalize the action in the case of the two hands. 
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The clemeDtary psychical action which wc have examined lias not yet 
attained the greatest degree ot simplicity. Since, in the solution of tlie 
preceding dilemmas, two oi)erationa of the hrain can be distinguished— 
iirst, the distinction between different impressions ; second, the volitionof 
an act chosen from among other acts — Donders asked himself if it might 
not be possible to determine sepanitely the time appertaining to each of 
tliese two terms. The following is the experiment wliich he instituted 
to attain this object : 

First case. — An ob3er\'er was Warned that a vottcI would be pro- 
nounced, and was directed to reproduce the sound heard. 

Secmtd case. — ^The observer in this second arrangement was directed 
to respond only to a single vowel — i, for example — and to keep silence for 
all others pronounced. His effort was then entirely directed toward the 
recognition of t, the vocal organs were placed in the proper j^osition. and 
the impulse of the breath alone was needed to emit the corresponding 
sound. We readily comprehend how much the secoml term of the psy- 
chical action is simplified under these conditions. The will having only 
to apply itself to the production of such a sound, rather than any other, 
reacts, so to speak, without a previous judgment, and the sigual follons 
the act of volition as simply iis can be imagined. We naturally observe 
that this restricted operation occupies leas time than the first by the 
amount of time necessary to resfxtud to each sound with its equivalent, 
and this difference corresponds to the action no longer requu^ by the 
brain. 

The preceding considerations indicate sufficiently the path which we 
have to follow. Having to study the function of aerial locomotion, we 
shall examine the organ which serves to accomplish it, namely, the 
wing. It is by the movements of their wings that animals sustain and 
direct themselves in the air. They strike the atmosphere with rei>eated 
blows, and the reaction of this fluid on the surface which they exi>ose 
serves for the propulsion of the entire body. 

I. — Flight of insects. 

The first subject which presents itself for our investigntioa will be 
the inquiry as to the frequency of the motions of the wings of in- 
sects. Here we encounter the first difficulty. The movements of the 
wings are so rapid in most cases that the eye cannot count or follow 
them. There are very few insects which fly slowly enough to render 
this direct determination iwssible. Among the most common we may 
mention the white butterfly wliich is frequently met with in our fields, 
the cabbage PUria. This insect, which has a jerking flight, seldom exe- 
cutes more thau eight or nine movements of the wing in a second; while 
those insects whose flight is directed with precision ami without jerks 
toward a determined 2)oint generally execute hundreds of strokes of 
the wing in a second. Thus, in the majority of cases, direct observa- 
tion caimot follow the wing of insects. We observe a body in motion, 
but we only perceive the extreme limits of its oscillation ; it may, how- 
ever, be said that these limits are .seen with great precision. But 
that observation may be facilitated, it is necessary that the subject of it 
shall be placed iu » I'avonible situation. We take, for example, one of 
those Macroglossa (sphynx moths) which frequently serve as the snbject 
of experiments on account of their large size and the readiness with 
which they are obtained. Fastening its body with a pin betweeu tnu 
strips of cork in such u way that it shall not turn around upon the 
axis which pierces it, and that the motion of its win^ alone shall be en- 
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tirely free and placing it before as, the wiDga being in motion, we 
perceive two oblique lines, whicli mark the limits of passage of each of 
its wiugs, while their intermediate positions continue to escaiie the most 
acute observation. 

It is hardly necessary to give an explanation of this fact. Every time 
that a body in rapid motion changes its direction to return on its steps 
and to traverse in a contrary direction the road which it has already 
traveled, a moment arrives wlien its motion, before change of direc- 
tion, becomes absolutely nothing ; this point of cessation, this dead- 
point, is the extreme limit of oscillation. This is why the impression 
is produced before the wing has left the limiting position, and at the 
moment when the impression is about to be effaced the wing has had 
time to make a complete oscillation and to return to its point of depart- 
ure, so that the new impression is confounded with the old one, and the 
eye experiences a continuous sensation, the result of the fusion of the 
intermittent sensations. But since the optical method is insafficient to 
inform us of the frequency of the vibrations of the wings, we must 
have recourse to another process. I may say, in advance, that the 
graphic process is the most exact of any we jrassess, and yon shall be 
the judges of the results it will afford us. However, before broaching 
this new subject I cannot dispense with saying a few words on an inge- 
nious method based on the observation of the sound which insects pro- 
duce during their flight, and which we may designate as the acoustic 
method. 

Every one has heard the sound which insects prodiice while flying. 
"If this vibratory buzzing is due to the strokes of the wing, and if they 
result from its alternate motion back and forth, as the sound of thereed 
results from the vibration of a metallic lamina, then in ascertaining the 
piteh of the souud the number of alternate vibrations to which it cor- 
reqpouds will be known. For this, a tuning-fork, or a piano, is sufficient, 
with which we can compare the piteh of the sound produced by the 
insect. This method would be very conclusive if the principle upon 
wliicli it rests was incontestably established. But on this point there is 
a difference of opinion among naturalists. Fii-st, a number of sounds 
produced by insects can be <leflnitely exclude<l, which are certainly not 
produced by the vibration of the wiugs. Certain coleoptera, for exam- 
ple, produce sound by rubbing the last upi>er segments of the abdomen 
against the elytra.* T. Laconlaire cites, among the insects which emit 
sound in this manner, the Necropkori, the Copri, the exotic Scarabi, and a 
hostof lamellicorn beetles not found in Europe: Almost all the lamelli- 
corns produce a deep sound by rubbing the [>eduncle of their mesothoraxf 
againsttheprothor[tx:f in which it is inserted. Oertiiinof the Cieindelida, 
the Oxycheila triatU, the Melaxmnida, the Cacicua ainmcantw, rub their 
thighs or their hinder legs against the border of their elytra, pro- 
ducing iu this way a peculiar noise. Ollivier, in the first volume of his 
entomology, mentions the fact that tbe female of a Cape of Good Hope 
insect, the Moluris striata, calls the male by rubbing a granular protuber- 
ance upon the lower part of the second segment of the abdomen against 
extraneous objects. Finally, among the crickets one part of the anterior 
wings, thinner than the rest, forms a kind of dnim or tympanum ; one 
of the nervures which traverses this drum is armed with denticles, on 
which, dnring the alternate motion of the wiugs one over another, the 

* Elytra: the hard oater wingg of beetles. 

t Mttolhorax : the second segment of the middle or leg-bearing dlTirion of tbe bod/ 
itf B beetle. 
t Frvtkotvx: the fint segment of the same. 
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salient border of tbe opposite wing is nibbed in aiicit n manner &s to 
sonnd the drum aod prodace tlie noise fiimiliar to every one. It will be 
nnderstood that at present we eliminate all these sonnds, the orifpn <rf 
whicli is evidently different from that of the vibi-ations of the wings, 
and confine ourselves to the very great number of ca«es in which the 
buzzing of tbe insect is manifestly produced by the rapid strokes of 
these organs. 

Chabrier and Lacordaire report that a portion of tbe wings of most 
insects can be destroyed without a cessation of the sound. " In portions, 
as pieces of these organs are cut off, tbe sound becomes sharper, and sen- 
sibly more feeble, especially wlien we leave only a stump remaining. If 
this last be removed, which can only be done by a considerable laceration 
of the mnscles which attach it to the thorax, the buzzing ceases entirely." 
" If," c{»ncludes the author, " the buzzing were entirely due to the wings, 
we could not cut off with impunity three-quarters of these organs." This 
olyection confirms the hytwthesis which it apparently was intended to 
disprove. In effect, since tbe sound is elevated in tbe same ratio in 
which the vibrating wing is diminished in length, is not this phenomenoD 
entirely analogous to that which we observe when we have shortened 
a vibrating rod f The modification produced in the sound being the 
same in both cases, should not the mechanism of its production bo iden- 
tical 1 At teitst the facts cannot be regarded otherwise, if the vibra- 
tions of the wiugs are really the cause of the buzzing. 

Theanthors whom we have justcited haveindica ted an entirely different 
cause for the acoustic phenomeua. They have attributed them to the 
air which enters the trachete, and which, passing rapidly outward, puts 
in vibration the little scaly organs which surround the base of the stig- 
mati." And they cite, in confirmation of their views, this fact — that the 
buzzing also ceases if the surface of tbe body of the animal is eoverwl 
'With gum HO that the excess of air to the respiratory canals is prevented. 
The lips of the stigmati act as the lips of the glottis do in sui)erior animals, 
and the buzzing of the insect, therefore, becomesa true voice. Whatever 
may be tbe fate of this explanation, the result which we desire remains 
the same. We see, in effect, that in the motions of tbe wing there is, 
as it seems, only » single active period — that in which it is lowered, 
brought down ; tbe elevation takes place in consequence of the elas- 
ticity of tbe pieces of the thorax strongly stretched by tbe contractioD 
of the muscles which pull down the wing. At the same time that this 
tension is produced, tbe volume of the thorax is amplified and the incur- 
sion of air is the immediate result of this increase of capacity. The air 
must then enter and leave tbe trachete at each stroke, and the vibra- 
tions it produces (whether proceeding from the wing membrane or ttota 
the stigmati) correspond exactly to the movements of tbe wing. 

The acoustic phenomenon, if it is not tbe consequence of the vibra- 
tion of the wings, is at least synchronous with it. It can inform us, 
therefore, in all cases of tbe frequency of the strokes. When the btu- 
zing of an insect, flying with a uniform rapidity, is observed, we And that 
the pitch T>€rceptibly does not remain the same; when the insect ap- 
proaches tbe ear the pitch is elevated, and is lowered when the insect 
flies from ns. Something analogous takes place when a tuning-fork ia 
vibration is moved rapi<ily to and from tbe ear ; the Sfmnd becomes 
elevated and then lowered, and the difference may attain a quarter or 
even half a tone. It is necessary, therefore, to take care that the in- 
sect experimented on should always be at the same distance ftom tbe 
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observer. This perturbatory pli«DOineDon has beea perfectly explained 
as follows: The ribratioDS, witbout doubt, are all produced at eqaal iu- 
ten'als of time, and, therefore, when the instrument i-emains at the same 
distiince from the ear, the same time elapses betireen the several im- 
pulses on the tympanum. But when the fork is made rapidly to ap- 
proach the ear the impulses are crowded together, and consequently the 
pitch rises ; when, on the contrary, the fork is rapidly removed from the 
ear tbe impulses are wider apart, and the sound deepens. Every one 
has remarked, in traveling by rail, that if a locomotive whistles while 
passing in au opposite direction, the sharpness of the sound incre:tses 
as it approaches, and becomes deep when it has passed and is rapidly 
becoming more distant. 

11. ITie movementa of the tcinffo/ insects. 

To arrive at a complete comprehension of the mechainsm of flight of 
insects, I have said that n'e should, in the first place, resolve a certain 
Qiimber of practical questions which should serve us hs steps to reach a 
definite conclusion. I could present yon immediately with the final 
result of the experiments by which I have elucidated this subject for 
myself, and the theory which expresses them, but I prefer to proceed 
otherwise. I shall enter on an examination of the facts and into the 
details of the experiments, in order that my hearers may participate 
more completely in the studies which we pursue together, for I am per- 
suaded that there is as much profit in knowing bow to arrive at a result 
as in knowing tbe result itself. 

1. We have begun to study the motions of the wings, and the first 
question which presents itself is the frequency of these motions. On 
this point direct observation is of little assistance: the acoustic method, 
which consists in determining the freqaency of the strokes of the wing 
by the pitch of the buzzing of the insect is more efficient, but we have 
seen that even the principle of this method has been contested, and that 
its application presents difficulties. The graphic method remains to be 
considered. This method consists in making tbe wings themselves 
record the strokes which they execute. When an insect is held in 
captivity by force which it cannot overcome, after trial it ceases 
a useless resistance ; it resigns itself and abstains from all efforts to 
escape, its wings remain immovable, and in this way the observer who 
hopes to study their motions finds himself disappointed. But there are 
different methods of awakening the insect to its original activity; it 
is sometimes sufficient to pinch tlie antennoe lightly ; this irritation of a 
very sensitive organ succeeds with tlie Maeroglossa. Among the wasps 
the end may be attained by titillating the feet, or by holding them all 
together with a pair of forceps, and then releasing them suddenly, except 
one, by which the animal isheld. The captive supposes that it is at liberty, 
and makes an effort at flight which last about thirty seconds, or long 
enough to be observed. Thereis,however,anotherdiffleulty. Thecaptive 
insect, when willing, cannot fly like an insect at liberty, because the exter- 
nal conditions are not the same. It experienees a greater resistance in 
proportion to the traction which it exerts upon the bond which holds it ; 
to a free insect the relation is such as a boat held by an obstruction 
bears to one sailing freely, or as a horse which drags a load to one re- 
lieved fVom harness. This resistance modifies its behavior considerably, 
and obliges us to distinguish between the two different conditions of 
free flight and flight in captivity. It is indispensable to establish these 
distinctions, in order to appreciate at their true value the^renultB to 
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which ve are conducted hy the graphic as veil as the other methods 
which we may employ. 

Tlie apparatus on which the wings record their motions is tho ordi- 
nary registering apparatus, consisting of a metal cylinder covered with 
smoked pajter, to which a uniform rate of motion is impm-ted by clock- 
work. Let us suppose that, instead of tlie motions of the wings, we 
wonid simply register the oscillations of a vibrating rod. For this pnr- 
l>080the extremity of the rod is furnished with a little style which 
touches the blackened paiter with its point, and, as the different parts 
of the movable cylinder pass snecessively before the point, the soot is 
detached from the places which it touches and a trace produced. If the 
rod is not iu vibration, it makes a long white rectilinear trace without 
sinuosities, a straight line which, rolled npon the cylinder, constitutes a 
circumference. If it is in vibratory motion, its trajectory will be a 
curved line, of which the sinuosicies indicate all the circumstances of 
the motion, its phases of elevation, its depressions — in a word, all its 
movements — and consequently all the oscillations which the vibrating 
rod executes in sjtace will be faithfully reproduced on the pai>er. Ii 
we would ascertain the frequency of the oscillations, it is sufficient to 
know the rate at which the cylinder revolves. Ordinariiy a tuning-tbrk 
is employed, of which the number of vibrations is previously known, as, 
for example, one hundred vibrations per secoud. This is ninde to write 
its vibrations upon the registering cylinder below the line traced by the 
vibrating rod, of which the number of vibrations are desired. The 
comparison of the two tracings shows at once the number of the motions 
of the tuning fork back and forth, that is to say how many hundredths 
of a second correspond to one oscillation of the rod ; the number of mo- 
tions of the vibrating body during a gi%'eu time is thus knowu with 
great exactness. 
It is not, however, as easy to obtain the tracing from the wing of an 
' insect as from a vibrating rod, and this for several reasons. In the first 
place it is very difficult to fix at the extremity of the wing a writing 
style; however light it may be, the rapidity of the motion to which it 
is snomitted is sufficient in most cases to throw it oiET. If, however, 
after many trials and jnuch precaution we arc able to retain it in its 
place, a permanent cause of i>crturbation still exists from its very 
presence. Under the influence of this incumbrance the extent and fre- 
quency of the strokes of the wing are evidently diminished. It is easy 
to convince ourselves of this by takinga Macroghasa and fixing it in the 
manner which we have previously described, that is, immovably between 
two strips of cork, by means of a pin. Looking <lown upon it we per- 
ceive the extreme limits traversed by the wing above and below which 
we have called the dead-points. If some substance is applied to the 
surface of the wing, we see by the effect of this burden, in diminishing 
the play of the organ, the two limits of oscillation approach one another, 
and the extreme upper position, which just now was almost vertical, in- 
clines towards the tiorizontnl. We may ftnolly remark that it is only at 
the cost of considerable chafing against the surface of the moving 
cylinder that we can obtain a complete tracing of the movement of the 
wing. The wing cannot touch the cylimler except during a very short 
instant of its stroke; that is, the instant when the wing reaches pre- 
cisely the distance from the body of the animal to the cylindrical sur- 
face. The spherical figure which the margin of the wing describes in 
space, cannot have more than one iioint in common with the blackene<l 
cylinder. Vt'c can therefore only obtain, as the whole impression, a 
series of points at more or less regular intervals ; and^ if a more ]nY>- 
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longed contact is desired, it can only be by curving the wing and fold- 
ing it upon itself, and consequently the natnral curve which the or- 
ganization of the insect obliges it to traverse will be falsified and 
altered. In any case the friction against the blackened surface will re- 
tard the motion, and although the retardation which it causes may be 
neglected when it is opposed to bodies of large size, such as a tuniug- 
fork or a vibrating rod, it cannot be when the vibrating object is the 
delicate membrane which constitutes the wing of an insect. Again, the 
' friction, although exceedingly small, is found fully comparable with the 
forces which come in play in the motion of the wing, and its interven- 
tion notably alters the action o.' the latter. Experiment has confirmed 
these views. In one case an insect executing the motions of flight, and 
rubbing its wings somewhat roughly against the paper, furnished 240 
movements per second; by diminishing more and more the contact of 
the wing ivith the cylinder, there have been obtained '28'J, 3U5, and 321. 
If, therefore, we would have a faithful representation, it is necessary to 
renounce the idea of obtaining those beantifnl, regular, and continuous 
lines which are produced by the tuning-fork or vibrating rod, and content 
ourselves with interrupted Hues, half-strokes represented by fragments, 
or even only isolated dots, the periodical return in these incomplete 
markings of definite forms permits ns to infer the repetition of similar 
oscillations, and hence to determine their frequency. The operation is as 
follows : With a delicate pair of forceps we hold the insect by the lower 
iwrtion of its abdomen, in such a position that one of its viugs at each 
movement shall lightly touch the blackened pai>er. Each of these touches 
takes off a portion of the soot which covers the paper, and, as the cylin- 
der turns, new points incessantly present themselves to the contact of 
the wing. A flgnro is thna obtained, formed of a series of points or 
short strokes of x)erfect regularity if the insect has been maintained in 
a fixed posttiou. 

Fig. 1. 



fork, fDCoiahed with n Htyle, which «secDtes 2.U doable Tibntioiu pet «ocoud. 



Trocins prodnccd by the wiog of a droDe rubbing a little more strongly on the paper 
than in the preceding flgore. 

We have obtained a large number of these tracings in which the wing 
has only touched the surface of the registering cylinder, and has left 
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only a point as a mark in each of its vibrations. I exhibit n nambcr of 
these, and trust as soon as the return of sprin); {teriuits ns, to pro- 
cure insects to show you the experiments by which these tracines have 
been prodnced. Those which you «re now examining have enabled me 
to determine the frequency of the strokes of the wings of the following 



Common fly 330 

Humble-bee 240 

Honey-bee 100 

Wasp 110 

Sphinx motb, (Macroffhaga) 72 

Dragon fly. (LibeUula) 28 

Cabbage butterfly 9 

Certain authors have estimated this number of vibrations by the 
nconstic method, but there is a notable discrepancy between the above 
figures and those which they have deduced from the pitch of the sound 
that these insects produce in flying. In the case of the common fly, T. 
Lacordaire has computed the number of the vibrations of its wings at 
600 per second, that is to say, twice as many as onr figures exhibit. 
Has there not been a misunderst^iuding here, as is frequently the case, 
in the nse of the wonl "vibrationf" Home jwrsons wrongly consider 
tlie raising and depressing of the wing as two vibrations, and reserve 
the term of "simple vibrations" for one or the other of these isolated 
motions. On the contrary, if we follow the usage most generally 
adopted, the two motions together, by which the liody is again in its 
ori^nal iK)sition, should be considered as a single vibration. 

The previous observations which we have made on free flight, and 
on flight uuder restraint, somewhat cnrtail the range which we are 
tempted to accord to these numbers. The animal, according as it desires 
to move with a greater or less rapidity, can change at will not only the 
extent of its wing-strokes, but also, to a certain extent, their frequency. 
Fatigue mi)y exei'cise an analogous influence to that of the will ; after very 
rapid motions, the exhausted animal diminishes the number of its strokes, 
which sometimes falls to a fourth or a tifth of its normal value. It con- 
tinues to relax them more and more until a period of repose and repara- 
tion permits it to resume its usual flight ; nevertheless the examination 
of these numbers suggests some general considerations. We have 
reason to think that each of the muscular contractions which determine 
the drawing down of the wind is the result of a single impulse, [Zvckunff 
of the Germans,) although in man contraction is due to successive im- 
pulses which are merged in one another when they are produced more 
frequently than 30 times in a secoud. Among insects the limit of fusion 
of impulses is infinitely more remote, and ends with leaving the wing 
immovable in a sort of permanent tetanic contraction. It is easy to 
assure ourselves of this ijy means of living insects, or better, by means 
of the artiflcial insect which I ba%'e constructed. When the impulses 
becometoo rapid, their extent diminishes; at this moment they no longer 
serve for the propulsion of the animal, who^e wings appear quite immov- 
able or merely agitated by a light tremor. I^'evcrtheless, the number of 
muscular waves which the fibers of insect;* will admit without inter- 
mingling, a number which in the fly amounts to 300 per second, forms a 
physiological fact, very interesting to note. Among other animals the 
limit is not ao remote; among birdsfusion is produced after 75 impulses; 
among mammals after 30, and among reptilia after only i. These dif- 
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crenc(» correspond, in virtue of the relations which I have long sine© 
explained to you, to analogous differences iu the rapidity Tvith which 
the elementary impulse traverses the muscular fiher of tliese different 
aniinalH. The muscular fiber of the insect will then he characterized, 
physiologically, by the property which it possesses of furnishing a con- 
siderable number of distinct impulses, as well as it is anatomically 
characterized by its relative size and its striatioQ. 

The graphic process which enables us to Judge of the frequency of 
the strokes, also permits us to show the perfect synchronism of the play 
of the wings. For this purpose it is necessary to choose an insect 
of which the amplitude of the wiug-vihratiousis large, so that in their 
moment of greatest elevation they may nearly meet above the dorsal 
region of' the animal. If the insect is placed near enough to the regis- 
tering cylinder, the dorsal region turned toward the blai^kened snrface, 
it is clear that at the moment when the wings approach each other they 
will leave their traces on the paper, thus describing a series of loops and 
curves, of which the perfect correspondence proves the synchronism of 
the motions from which they originate. 

Fig. 3. 



Furthermore, we can convince ourselves that a sort of ueces?ar>' con- 
nection exists between the motions of the two wings. If we throw an 
insect violently upon the ground, so that it is stunned and can no longer 
execute voluntary motions, we observe that, by producing motions in 
one of the wings, the other follows, to a certain extent, the movements 
inflicted on its fellow. If one of the wings of an insect is depressed, the 
other also bends down ; if one be raised the other elevates itselC Cer-. 
tain species, especially the wasp, lend themselves very readily to this 
experiment. According to Chabrier, the author of an extensive work , 
on the mechanism of the flight of insects, synchronism cannot fail to 
exist. This author considers the depression of the wing as the only 
effective [mrtion of the stroke ; its elevation is a passive phenomenon due 
to the action of physical forces. In fact, after the depression each dor- 
sal arc of the thorax is defected like a bent bow, and when the muscu- 
lar contraction ceases the bow springs back in virtue of its elasticity, 
and the wing is raised. Now, if the pressure did not act simultaneously 
on the two extremities of the bow it could not lie flexed as it is, and the 
mechanism which we suppose would be imijossible. Tiie reutity of this 
syuchnniism is, then, a strong proof in favor of this manner of luider- 
stauding the motion of the wing. 

After having determined, in a general manner, the frequency of the 
vibrations of the wing, we seek to know the variation produced in the 
number of these vibrations by agents capable of influencing the activity 
of the animal. In the first rank of such agents must be placed heat and 
cold. We know that warm, dry weather is essential to insects, espe- 
cially coleoptera, to enable them to fly well ; special observation has 
confirmed tiiis fact. We are able to state that, within certain limits, the 
ftequency of the strokes is augmented with an increase of the tempera- 
ture, and that they become slower under a gradual iucrea8e_^af cold. 

, Cookie 
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IL — FOBH OF THE UOTIONS OF THE WINGS. 

After bavitig studied the fteqneacy of the vibrations of the wingsi, 
it is necossary to study their form. For the end which we desire to 
obtain — that is, to arrive at a theory of the flight of insecta — the utost 
important element to comprehend is that which we now proceed to in- 
vestigate, namely : The form of the trajectory which the wing describes 
in space instead of the rapidity with which this trajectory is described. 
In order to arrive at tins determination we shall have recourse to two 
processes which will reciprocally correct each other — the optic method 
and the ordinary graphic method. 

Optic determination of the movements of the tring. — When a brilliant 
body moves with rapidity it leaves upon the retina a Itind of luminous 
train which acquaints us with the trajectory through which tbe bo<ly 
has passed. Children sometimes amuse themselves in producing the 
most varte<l figures by brandishing in the air a stick liaving one end on 
fire. It is on this principle that the apparntus known in physic» under 
the name of Wheatstone's calidroplume is founded. This is a rod, fast- 
ene<l upright on a heavy foot, to which complex vibrations may be given, 
and to tbe ends of which a brilliant metallic bead has been afSxed. if 
tbe rod is put into vibration the brilliant bead describes in space lumin- 
ous figures which vary with the <liff(!ront combinations of the vibratory ■ 
motions. If a brilliant spangle can be attached to the extremity of the 
wing of an insect, this spangle, traversing without cessation the same 
]K>ints in space, leaves a continuous luminous figure, exempt from the 
imperfection which is caused by friction in the case of tlie graphic cyl- 
inder. The extremity of an insect's wing can thus be rendered brilliant 
without mntilating it in any way ; it is snflicientto place upon it a drop 
of varnish, to which a small piece of gold-leaf is applied. The varuisb 
dries so rapidly that the insect cannot throw ofi" this little reflector of 
light, and nothing more is necessary than to hold the animal in a flxed 
position to obsev\e the play of light upon the small brilliant surface. 
Under these conditions the bee and tbe wasp furnish a well-marked 
" flgure of eight." 

Fig. A, 



Aspect of n wn«p, the citremil-y of whose primary wings bos been ([ilded. Tim twimol 
lasoppoBed to beplacedin amy ol'ligbl. f^" -i -> il -■ 
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The figures of eight are moreor leas widened or compressed according 
to circamstances. Sometitaea the point of tbe ving seems to move 
almost in one plaoe. In the dragon hy (LibeUula) a flguro of eight is also 
observed, but much more elongated j the loops are narrow and laterally 
compressed. With the Macroglossa galium it sometimes seema as if tbe 
preceUiug form had disappeared, and is replaced by a sort of ellipse. 
However, in examining it closely it is soon perceived that this ellipse is 
surmounted by a little loop, very slightly developed, relatively to tbe 
curve which supports it. It seems that one of tbe loops is enlarged at 
the expense of the other, but this last has not entirely disappeared, and 
the vestige what remains testifies to ihe persistence of the figure of eight 
which is encountered in most other cases, and which may serve as the 
general type. 

Changes of the plane of the wing. — The Inmiuous figure which the gilded 
wing of an insect gives in its motions also shows that, during the alter- 
nate motions of Might, the plane of the wing changes its {wsition in 
relation to the axis of the body of the insect. During the period of 
elevation the upper face of the wing is directed backward, while it turns 
a little forward during its descent. In fact, if we gild a large extent of 
the upper face of the wing of a wasp, taking care that the gilding shall 
be limited to this face, it is seen that tbe insect, placed in a ray of 
light, gives the figure of eight with a very unequal intensity on the two 
sides of the image, as is seen in tbe preceding hgure. It is evident that 
the cause of this phenomenon is found in a change of the plane of the 
wing, a change in consequence of which tbe anglo of incidence of the 
solar rays, while favorable during the ascent of the wing, is unfavorable 
during the descent. If the animal is turned so that the luminous figure 
is '0bser\'ed inversely, the figure of eight presents, in an inverse position, 
the striking inequality of its two halves, catching the light in a i>ortion 
which was just before without it, and losing it where it batl previously 
shone. We further find, in the employment of the graphic method, 
new proofs of the changes of plane in the wings of insects during flight. 
This change of plane is of great importance, for in this rests, as we 
shall see, the immediate cause of the propulsion of the body of the an- 
imal by the application of the motive force. 

Method of contact. — Does the extremity of the wing really describe 
this double loop which we perceive, or is this form the result of an opti- 
cal illusion — a play of light 1 Though snch an objection is hardly 
probable, it is necessary to refute it. To assure myself more entirely 
of the reaUty of the displacement of the wing than the optic method 
rendered perceptible, I have introduced, while the wing was in motion, 
the extremity of a little bodkin into the interior of the loops of the fig- 
ure of eight, and I have established that in the interior of these curves 
free spaces really exist, of a funnel shape, in which the bodkin pene- 
trated without encountering the wing, while if I attempted to touch 
the intersection where the lines cross the wing immediately struck 
against the bodkin, and fight was interrupted. iStill greater precision 
can be brought to bear on the appreciation of these motions, and, know- 
ing that the wiug describes a double loop, it may also be known iu what 
manner it transverscs the branches. It is snfQcient to bring near to 
tbe wing in motion a leaf of paper blackened on both sides; the wing, 
in pursuing its course, strikes against one of tbe sides of the paper, and 
the trace which it leaves testifies to the manner in which tbe motion is 
accomplished. 

Oraphic method. — ^This method is not applicable to our problem with- 
out important modifications. We have just seen that it is difficult to 
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obtain tracingB of any extent, becaase tbe iring cannot remaiD long in 
contact with the blackened cylinder, whicb it leaves and approaches 
saccessively. Under these special conditions it is necessary to have 
resonrce to an artifice, and since it is impossible to obtain a satisfactory 
trace at a single stroke, we should try to divide tbe diiBculty and sepa- 
rate the operation into several periods. The preceding experiments sim- 
plify the interpretation of the tracings very much, and we can recon- 
struct the figures which the optic method has indicated from the slender 
elemente wMch they afford. I have considered in the complete course of 
tbe wing of an insect, such as is represented in Fig. 4, three distinct 
zones, of which I have obtained tbe tracings separately ; an inferior 
zone, corresponding to tbe lower portion of the figure of eight, a median 
zone, and a superior zone corresponding to the middle and upper parts 
of this figure. Briugiug together the tracings obtained in these three 
zones I have bees able to reconstruct tbe entire curve. In registering 
the tracings of tbe median zone, figures much resembling each other 
are obtained, presenting the two crossed lines shown ia Fig, 5. 

Fig. 5. 



Trace of tbe median ei 

Tbe multiple tracings of the figure are formed by tbe fringed extrem- 
ity of the wiug, which presents many small pointe. The upper portion 
is in the form of a loop, as well as the part which corresponds to the 
lower course of the wing, and these three parts successively obtained 
give, when united together, the complete representation of a figure of 
eighty such as is obtained in acoustics in registering by Effiuig's method 
tbe vibrations of a Wheatstoue's octave rod ; that is, a rod which vi- 
brates twice transversely for each longitudinal vibration. The slower 
motion of tiie cylinder produces tbe coDdensation o( the end of tbe 
tracing. 

Fig. G. 



Trace oT » Wbeatstone'a octave rod. 

The experimente can also be varied by obtaining, not tbe tracing of 
the point of the wing, but that of the anterior border of this membrane,) 
striking laterally against the cylinder. It is clear that in describing the 
apper loop, this edge will approach the cylinder, then deviating; id a 
similar manner it wUl describe the lower loop, so that in ite complete 
course it will rub twice against the blackened sarface, and leave two 
white traces separated by an interval. This is observed in Fig. 7. 
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Fig. 7. 



This Ugare shows &om the traciog of the wing of a va^p the upper 
loop and the whole extent of one of the hranches of the figure of eight. 
The median portion of this branch is only dotted on scconntof the 
feeble friction of tlie wing. We may, therefore, be permitted to con- 
clude that if the trace of an insect's wing could t>e obtained entire at 
one operation, the same figure would be presented wbich we have seen 
described in space by tbe gilded spot on the wing of the wa^p, namely, 
a figure of eight, which our ingenions acoustician, Kcenig, was the first 
to obtain with a apiral Wheatstoue's rod, making two horizontal to one 
vertical oscillation. 

It now appears to me snfBciently established that in the more ex- 
tended motions of flight the wings of insects describe a figure of eight 
in space. Furthermore, that the luminous figure which a siteck of gold 
on a wing presents in its motions has shown us that the periods of 
ascent and descent of the wing are accompanied by a change of plane 
in that organ. It is this fact which will shortly enable us to explain the 
mechanism of flight in insects. 



The preceding lessons bare been devoted to the study of the frequency 
and the form of the strokes of tbe wings of insects. You have seen 
that the frequency varied in different species, and in passing from the 
butterfly, for example, to the house fly, or the gnat, the variations may be 
eoDBiderable. The flight of the butterfly is slow, the strokes of its wings 
succeed each other at considerable intervals, propelling it by bounds 
and jerks, and producing an irregular and capricious flight. The gnat 
darts with rapidity straight at its object, emitting along its path a clear, 
sharp, strident sound. Between these two extremes we find all inter- 
mediate stages. Furthermore, the same insect, under different condi- 
tions, varies the rapidity of its motions within extensive limits ; when 
free ftom all restraint its movements are rapid and precipitous, but 
when captured they are immediately relaxed, and although the fre- 
quency of the movements of the wing varies, the form of tbe motion 
does not change. It is in all cases the same, always a double loop, Ek 
figure of eigbt. Whether this figure be more or less apparent, whether 
its branches be more or less equal, matters little ; it exists, and aa 
attentive examination does not fail to reveal it. 

Before drawing from this fact the conclusions which it warrants; before 
extracting from it the solution of the problem with which we are occu- 
pied — ^thatis to say, the mechanism of flight — ^let us rapidly review the 
history of the question, and see how far previous authors have advanced 
in its solution. Witbout going farther back, we find in the work of 
Borelli a chapter devoted to this subject, in which he considers the force 
irhich the bird or insect must employ to sustain or move itself In space. 
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He estimates that this force is enormons; thftt it is, in the case of the bird, 
more tliiiD ten thousand times greater than the weightof its t)oiJy. We still 
find this exaggeration in recent works. The academician Navier, falls 
into an analogous error, and after him M. Babioet accords, in bis turn, 
a power to the inhabitants of the air far superior to that with which 
they are gifted by nature. However, by the side of these errors we find 
a great number of correct ideas, since confirmed by observation. Borelli 
knew that the principal motion of the wings was an elevation and depres- 
sion, executed in a vertical plane, and he asked liimself bow it was pos- 
sible that this motion, which, it seemed to him, could only serve to ele- 
vate the animal or todepress it, should nevertheless contribute to onward 
motion. For this, it was necessary that the vertical force should be 
changed into a horizontal force. Examples of this transformation are 
frequent. If a wind blowing horizontally strikes against a flat board 
incUned forwanl at an angle of, say, forty-five degrees with the liorizon, 
tbe action of the wind will tend to throw it backward and upward; or, 
if the board is moving forward with a momentum, it will tend t« elevate 
it Wo have here an illuslratioQ of a well-known principle of mechanics 
— the resolution of a single force by an inclined plane into two forces — 
which gives in part an explanation of the flight of insects and of water 
birds. But insects have four wings instead of two. Is ttie ofiice of these 
four organs the same ; and if not, in what do theydiffert Borelli does 
not treat of this question. It it discus-sed, however, in a particular 
case, by an anonymous author, who has left us an interesting mann- 
script on the habits of bees. This work, intended to complete and to 
correct tbe work of K^aumur, came from the Condamiuo Library, and 
belongs to M. Harnet. The author has observed bees at the moment 
when they bum at the mouth of the hive, trying to enter it and deposit 
their treasure. In examining tbe play of light on their trembling wings, 
he thinks that he saw the upper pair alone alternately raised and 
depressed, while the lower pair were animated only with a feeble hori- 
zontal motion. Here the question seems to have been abandoned, 
although tbe interest with which it is now regarded is far from incon- 
siderable. Beside the interest which it offers from the purely scientific 
point of view, in the inechanism of a function as widely employed as 
aerial locomotion, still another interest is attached to this study. The 
insect and the bird realize one of the oldest and most unsuccessful aspi- 
rations of the ambition of man. All space belongs to tliem ; they go aod 
come in the aerial ocean, while he is chained by bis weight to the earth. 
Man has sought by various methods to escape from this coufinenieDt. 
The knowledge of the processes by which nature attains the end to 
which he aspires, would perhaps bavesparedhim many fruitless attempts 
and loss of much time and great waste of invention. In 1823 a work 
appeared in which this qnestion of aerial locomotion is treated expro/esao, 
and no longer in an incidental manner. The author, the Chevalier de 
Chabrier, studied the conditions of mobility of the wing, and arrived at 
the solotion of an important question : how muscular action is trans- 
mitted to this movable organ. Is it directly, or by some interventiool 
The muscle, responds Chabrier, is not directly attached to the wing; it 
acts upon the arch of the back. When it contracts, the curvature of this 
arch is augmented; when it relaxes, the back returns to its original 
curve, like an unbent bow. In the motion of the wing, therefore, tbere 
is only one active period, the moment of depression; the period of ele- 
vation is passive. Elasticity, therefore, plays an important port in this 
function. Here, as in all mechanical organs, it absorbs and then gives 
oat power; it regulates speed and produces continuity of motion. 
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But Cbabrier was booq carried away by an exaj^geration similar to 
that of Dorelli and of Navier, thongh in a contrary- direction. Accord- 
ing to bim, an insect needed au insignificant force for its propulsion in 
space. No effort was necessary to sustain it in the atmospUere ; tlio ani- 
mal doatfd tliere like an inflated balloon. In order to fly, it filled its 
multitude of respiratory canals with air, and tins, becoming heated, raised 
the animal as it elevates a bot-air balloon. It is not necessary to say 
that this conception of an aeroatatio insect is an error. Without doubt 
an insect, before attempting a flight, lays in a quantity of air by a sud- 
den respiration, but this provision of air contributes ooly an insignifi- 
cant part toward the end which Chabrier assigned it. 

The greater portion serves to prepare the organs of flight for the opera- 
tion of tbeir function. Jurine, of Geneva, in particular has shown that 
the nervares of the wing membranes aie small tubes, which only acquire 
tbe rigidity and extension necessary to flight by inflation with air. We 
must refer to another contemporary, Strauss liurckeim, to find tbe ele- 
ments of the theory to which ray observations have conducted me. In 
his book on the Theology of Mature, a vast chaos of iiigenions ideas, in 
which someprofound, among manypuerile,thought8are to be found, there 
are many tacts essential to the solution of our problem. Strauss 
Durckeim has conceived the ideal tyj>e of the insect-wing, the diagram- 
matic wing ; that is to say, has reduced the organ to its essential parts. 
It consists of a rigid nervation or frame-work in front, a flexible web 
behind ; this is all tbe apparatus. Au apparatus thus constituted pos- 
sesses theesseutial requisites tor flight; otherwise constitnted it will not 
serve this purpose, as is the case with the false-wing of the Fkryganida, 
which has its priucipal nervation behind. It is enough that such a 
strnctnre should be made to rise and fall successively ; the forward 
border being ridged and the other flexible, it naturally disposes itself in 
an inclined position, receiving the reaction of the air obliqnely, and 
thus transforms a part of the vertical impulse into a horizontal force. 
The two parts of the wing above mentioned are both indispensable in 
the same degree their respective ofiices complement each other in pro- 
ducing a single result. Ingenious experiments, due to M. Girard, throw 
light upon these facts. Destroy the anterior nervation, without remov- 
ing the thin membiane, and the insect canuot fly ; destroy the flexibility 
of tbe membrane by coveiing it with gum, and flight also becomes im- 
possible. Here we caunot urge the objection that the superincumbent 
matter interferes by its weight like a burden which weighs down the 
animal ; for, following out tbe experiment, we see that as soon as the 
coating becomes dry, small flssures are produced, flexibility reappears, 
and with it the possibility of flight returns. These observations assist 
us in comprehending the part which tbe anterior i)ortion of the wings 
of the Phryganidm play; which constitute the analogue of the stiff 
nervuie, while tbe binder wings represent the flexible membrane. The 
two wings of an insect thus complement each other. 

I shall not further prolong this retrospect. I have limited it to the 
essential ideas entertained by our predecessors, and to those which will 
serve us in the future. Tbe preceding experiments, joined to those 
which you hare seen performed under your own eyes, seem to mo to 
establish the following facts, namely: The motions executed by an 
insect during flight are limited to an elevation and a depression of the 
wings. It is true that other motions take place in the wings of insects. 
They are seen to move backward, and in repose to extend parallel to 
the axis of the body. We also see insects moving their wings backward 
and forward in preparation forflight. Butthesemotiousarenot directly 
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connected with aerial locoinotion. The dragon-fly, {Libellula,) wbicli pro- 
pels itself so rapidly, exhibits none of these lateral movements; its wings 
more exclusively in nverticat plane, as if tbey tamed on a liinge. But 
M'e have seen, in tbo oi)tic method, that the coufbo of the wing io 
space can be followed by gilding its extremity, and placing it in a ray 
of snnlight. Now this arrangement fornislies us with a figure of eight, 
and we further know that during each complete vibration the wing 
changes its incliDation twice. These movements are not controlled di- 
rectly by the mascles. They are the mechanical effects of the resistanc* 
of the air acting alternately on the uin>er and lower surfaces of the 
wing in its alternate movements. When the wing leaves the npiier 
Hmit of its position, it inclines neither to one side uor to the other, its 
plane being parallel to the length of the animal. But when the impulse 
of the air is exercised, or as soon as the wing begins to be depressed, 
the rigid iwrtion, the anterior nervation resists flexure, while the flex- 
ible membrane which follows it gives wayj drawn down by the nerva- 
tion which lowers it, elevated by the air which uplifts it, this membraoe 
takes an intermediate position j it iuclines about 45°, more or less, accord* 
ing to circumstauces. The wing continues its downward motion thus 
inclined toward the horizon. Thus the reaction of the air^ which com- 
bines its effect and acts peqiendicularly ujMjn the surface which it strikes, 
can bo decomposed into two forces, a vertical and a horizontal force; one 
serving to elevate, and the second to projiel the animal. After this 
first period the wing membrane will have arrived at the end of its 
course ; the direction of its motion is changei], its action is reversed. 
A moment of repose, infinitely short, separates these two |>hases, dnring 
which the wing resumes its normal position parallel to the axis of the 
body. The nervnre draws it np again, the air resists as before, and 
from this conflict results a position between the horizontal and the ver- 
tical — an inclination of 45°. This second period contributes as did the 
first, to locomotion. How remarkable is the simplicity of apparatus by 
which the desired eud is attained I 

The horizontal force which is generated by the inclination of the plane 
ot'the wing is transmitted to the body of the animal and helps to push 
it tbrward. But as the body of the insect does not instantaneously take 
up the motion which is imparted to it, a part of this force is esjieuded 
in curving the nervnre of the wing which, at the same time that it is 
lowered, is pnshed forward. Here is an artificial wing of large size con- 
structed in accordance with the tyjte which we have described ; an an- 
terior nervation represented by a stiff rod, with a inembraoe behin<l 
formed of paper pasted upon its edge. Try to strike down an object 
immediately before yon, and yon will not succeed. If you strike at an 
object before you with a down ward blow the wing will be resisted by the 
air, and it will deviate greatly ftova the point at which you are Aim- 
ing. From this deviating motion of the wing from the change of plane 
which it effects^ the looiH-d flgnre which it describes evidently resnits. 
It is the combination of these motions which generates the figure of 
eight previously described. We can now safely say that the two exper- 
imental facts are now interpreted by our theory. 

A very slight differenee baa been observed between the two sides of 
the wing in certaiu insects; the lower surface is less polished than the 
np|ier; it isfurnishcd with rugosities, hairs, orpoints, which, according to 
Chabrier, give more hold on the air and reduce the loss of force by slid- 
ing. This disposition may contribute to insure the predominance of the 
useful effect of the lowering over the elevating motion. Furthermore, 
this predominance of the depressing action of the wing doea, not exist 
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in all insects. These find that force as well in the period of elevatiou of 
the wing a^ in the period of its depression, turning almost horizoatally 
the plane in which their wings move. The nnmerons varieties which 
the mechanism of flight presents among the species of insects which we 
Lave observed will be studied later; they do not conflict with the fuuda^ 
mental principles which I hare just annoanced. 

The mechanical conditions which we have just passed in review I have 
realized in a theoretical apparatus, from whi(;h I have obtained the same 
results as afforded by living insects. This artificial insect is repreaeuted 
by Fig. 8. 
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An air-pump, moved by & rotary apparatas, alternately comp^^sses 
aod relaxes tlio air in a tulie which traverse-t the central pivot of the 
apparatus, where a sort of mercurial gasometer hermetically seals it 
while permitting the free rotation of the arms. The horizontal branch 
18 hollow, and conducts the air into the apparatus, which is closed by a 
hollow metallic drum, of which the two circular faces are closed by two 
sheets of rubber. By the play of the air-pump these two sheets are 
indated or contracted both together. They communicate the rapid mo- 
tions of elevation or depression to the wings by two angular levers. 
The wings, presenting, like those of an insect, conditions of unequal 
dexibility, decompose the resistance of the air, and impart to the apparar 
tus a rapid rotary motion around the central pivot. 

Imagine two artificial wings, as nearly alike as possible, both inserted 
on one of these little drums, which I have frequently described. They 
receive through' this drum absolutely synchronous motions of eleva- 
tion and depression. This apparatus is fixed at the extremity of au arm 
balanced by a counterpoise, and turning upon a pivot. This arm is 
hollow, fumishiiig a oanal by which the effect of in^ation can be trans- 
mitted to the movable drum of the wings. We may consider the drum 
as representing the body of the insect, and nothing prevents us from 
really giving it the shape of this animal. The rigid nervures, furnished 
with flexible membranes disposed to the right and left, will be the two 
wings, and the animal, instead of being free, will be fixed at the extrem- 
ity of a movable rod ; there is, therefore, only a single motion possible, 
which is that of turning around the pivot, carrying the attached rod with 
it. lu efi'ect, if I put tiie air-pump in motiou, the artificial insect moves, 
fiaps its wings, and really flies. At each stroke there is a change of 
plane of the alar membrane; at each stroke the point of the wiifg de- 
scribes a figure of eight; and in a general way this theoreticiil animal, 
this artificial insect, reproduces all the particulars which the observation 
of real insects has revealed to us. 

This apparatus affords many other advantages besides those of veri- 
fying theoretic ideas. It enables us to make new experiments, to which 
living beings will not lend themselves. We can change one of the con- 
ditions, for example the form of the wings, their extent or the rapidity 
of the stroke, or any other of the circumstiinees, while all the others 
remain constant; we may thus discover the influence which eaeb of them 
singly may have ou the mechanism of flight. It is by such experiments 
that we can assure ourselves of the following fact. In the course tra- 
versed by the wing there is only one region useful in the propulsion 
of the insect; that is the median region. In the two extreme portions 
the wing has not experienced that change of plane which renders its 
action effective. Thus we see if we dtmiuish the extent of the motions 
of the wing, the tractile jKiwer produced by the apparatus diminishes 
considerably, and finally ceases altogether. If the membrane of the 
wiug is too broad, another phenomenon results. The hinder edge of the 
wing remains almost Immovable iii space, especially during motions of 
sm::ll amplitude ; the nervure only is animated with rapid motion. The 
air, therefore, is struck by pLanes inclined inversely to those which act 
upon it in normal flight, so that the apparatus retrogrades and turns 
around its pivot in a direction contrary to its usual motiou. 

Experimental flight also shows the adaptation of certain forms of 
wings to obtain the most rapid translation of motive force. These are 
precisely the forms which we find in nature. The nervure of insects 
does not carry the wing membrane back to its imint of insertion. Those 
parts near the articulation have little vitality; they contribute very little 
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toward a nsefol result, embarrassing the ueigb boring parts, without com- 
peusiition of any kind. The membrane sbonld not exist except when 
vitality itself exists in a corresponding degri^e. Finally, the extent which 
the aliir membraae sbonld have, to best iitili:ie tlie disposable force, can 
be determined experimentnlly. M. de Lucy has compared, in tlie case 
of a certain number of animals, the surfaces of the wings to the total 
weight of the body. He finds an extent of 30 square millimeters in c 
gnat weighing 3 milligrams; 1,603 square miUimeters in a butterfly 
weighing twenty centigrams; 750 square centimeters in a pigeon weigh- 
ing 290 grams ; 4,506 square centimeters in a stork weighing ^.^O.'i grams; 
8,^3 square centimeters iu an Australian crane, weighing 0,500 grams. 
But to facilitate the comparison it is necessary to reduce these tignres 
to a common measure ; and, in spite of the barbarous phrases to which 
they lead us, we obtain : 

Sqiurr metcra. 

The kilogram of the gnat represents 10. 

The kilogram of the butterfly represents 8. 

The kilogram of the pigeon repreacuts 2. 5S(J 

The kilogram of the stork represents 1. 988 

The kilogram of the Australian crane represents 0. 899 

The extent of the wings, therefore, is not proportionate to the size 
of the animal. A wing being given, a maximum rapidity of stroke cor- 
responds to it. To angment the rapidity of the stroke, iu hope of indef- 
tnitcly accelerating the rate of flight, would be illusorj- ; it is possible 
to ar«elerate it up to a certain iK>int, but beyond this maximum liniit 
additions become useless. Increasing progressively the action of the 
air-pump, the strokes of the wings are more rapid, and at first the rapidity 
of flight will be augmented. Continue the increase, and the rate of flight 
diminishes. The amplitude of the motion also experiences a consider- 
able reduction, so that at the limit the wings appear motioidess, or 
animated only by a slight quivering. Passing this extreme limit, the 
apparatus retrogrades. A given wing then corresponds to a fixed rate of 
progressive strokes; for, by the eftect of inertia, the frequency of the 
strokes is increased only at the expense of their extent, aud, when the 
extent diminished, the propelling force diminishes with it. I leave to 
yourselves the task of explaining these facts, which are the simple con- 
sequences of the principles I have previously explained. I also leave to 
you the comparison of the mo<le of progression of insects with the otlier 
modes which are seen iu other animals or in various mechanical contriv- 
ances. You will discover almost everywhere the me^^hanism of the 
revolution of forces on the principle of the Inclined plane. Yon will find 
it in the motion of the t:iil of a fish, the principal organ of its locomo- 
tion ; in the scniling motion of a waterman^s oar, and even in the screw 
of n steam propeller, 

IV. Flight of bibds. 

By the simple inspection of a bird's wing it is easily seen that its 
mechanism for flight is not the same as that of an insect. Let the 
manner in which the feathers of birds are laid, one over another, be | 
observc<l, and it will be evident that the air resists the motion of the I 
wiug only IVom below, so that in au inverse direction it finds an easy 
passage between the long beards of the feathers, which, in this motion, 
are no longer pressed together. This well-known armngcment, the 
effect of which I'rechit* has clearly pointed out, has led to the belief 
' UDtoranchuDgoD Ubor deu Flug der Vogel, Bvo. Vienna, 1846. i ^ 



248 PHENOMENA OF FLIOnT IN THE ANIMAL EIKODOM. 

that to snstain the bird a^iost gravitation the wtDg neetls only to 
oscillate iu a vertical plane, in coDseqneuce of the predominnuce of the 
resistance of the air acting from below over that acting conversely. 

Before discnsning the value of this hypothesis, it is necessary to 
ascertain whether the wing of a bird really oscillates only iu a vertical 
plane. We thus find presented to iis, as at the beginning of onr studies 
on the flight of insects, questions which experiment alone can answer, 
i?he problem nevertheless presents itself here nnder definite conditions. 
From its much larger body than that of the insect, and from our better 
knowledge of its anatomical conformation, the bird offers to us the 
means of study and exi>eriment of another description. I shdll exhibit, 
as far as possible, the nature of the muscular force of the binl, and th« 
influence which tlie i>articular arrangement of its muscles and the form 
of its wings exerts upon flight. The methods of myography renders 
the analysis of the different forms of motion produced by wings so easy 
that it has been of great assistance iu these researches. 

Comparative anatomy exhibits the analogue of the anterior limbs of 
mammals in the bird's wing, lieduced to its skeleton the wing presents, 
like the human anu, the humerus, the two bones of the fore-arm, and a 
rudimentary hand in which the metacarpals and phalanges are to be 
found. The muscles also offer numerous analogies with those of the 
anterior limbs of man. Among others, some hiive such an analogy of 
aspect and function that they can be designated by the same names. 
In short, iu the case of birds, the muscles which attain the greateiit 
development are those which act in extending or flexing the hand ou 
the fore-arm, the fore-arm ou the humerus, and, finally, of moving the 
humerus, that is to say, the whole arm upon the articulation of the 
shoulder. 

Among most birds, especially of the large kinds, the wing appears to 
remain always extended during flight. So that the extensor mnsules of 
the diflferent parts of the wing ser\-e to give that organ the posti«e 
necessary for flight, and to maintain it in that position, while the motive 
work is executed by other and much stronger muscles than the pre- 
ceding, viz, the pectorals. All the anterior i>ortion of the thorax of 
birds is occupied by powerful masses of muscle, and above all by a great 
muscle whichj from its being attached to the sternum, the sides, and 
the humerus, m evidently the unulogne of the great pectoral muscle of 
man and other mammalia. Its oflice is clearly to draw down the wing 
quicklj' aud strongly, and to take sulflcient hold on the air to sustain as 
well us to move the whole body of the bird. The middle pectoral is 
I'onnd below the great pectoral; without an analogue iu other kinds of 
animals, this muscle seiTcs to raise up the wing. Lastly, the small 
l>ectoraI passes externally from the sternum to the humerus; it is an 
accessory of the great pectoral. It is well known that the strength of a 
muscle is in proportion to its volume, and as the pectoral muscles of n 
bird are about one-sixth of its total weight, we readily comprehend 
that it is ui>on these powerful organs that the priucipal duty in the act 
of flight devolves. Borelli endeavored to deduce from the volume of 
these muscles the force which the bird emi)loya in flying, and concluded 
that this equals 10,U0U times the weight of the body, 1 will not stop to 
refute the error of Borelli, which so many others have called in ques- 
tion, while they endeavored to substitute for the figures of the Italian 
physiologist estimates which will scarcely be more easy to prove. 
The great discrepancy which exists between the difl'crent estimates of the 
muscular power of birds shows that the attempts at measurement were 
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exerted by birds dimag flight, it would be necessary io the first place 
to demand trom physiological experiiuentatiou all the facts of the prob- 
lem. The estimate in question presupposes an acquaintance with tbe 
motions of the wings, with their form, tbeir extent, and their rapidity 
at each instant ; it also supposes a knowledge of tbe extent of the 
surface of tbe wings, their curve, and the angle at which they strike 
the air. This problem, then, will perhaps be the last which wc can 
hope to 8oU-e ; but we can study at present, from other points of view, 
tbe strength of the muscles of tlie bird, and estipiate some of tbe char- 
acteristics with which it is manifested. 

A measure of the maximnm effort wbicb the muscles of birds can de- 
velop can already bo obtained esiwrimentally. This measure may indeed 
fail to correspond with tbe eflorts developed in flight, but it may prevent 
ns from falling into the esnggoration wbicU would attribute to the niuK- 
cles of tbe bird a force superior to the maximum efl'ort of which they 
are capable. 

Of the static force of the muscles of Urdu. — In physiology the static force 
developed by a muscle is measured by seeking the maximum weight 
which this muscle can raise. This determination has beeu made by 
Weber," on the muscles of the frog; by Ilenko and Knortz,t and since 
by Koster,t on tbe muscles of man, Tlie mflximum weight iu these ex- 
periments was about one kilogram per square centimeter of muscular 
section, according to Weber ; of live to Heuke and Knortz ; of seven, ac- 
cording to Koater. If the estimates of Borelli, and even those of Navier, 
were correct, we ought to find iu the muscles of birds a much more 
. considerable static Ibrce. Ou the contrary, it does not appear to me 
that this force surpasses that of the muscles of the mammalia. I have 
already shown that the weight of one kilogram, placed ou tbe wing of 
a pigeon at the articulatiou of the arm with the fore-arm, cannot t>e 
raised by the voluntary eflbrts of tbe animal; also, in certain exi>eri- 
ments iu which we liold a bird immovable, an excellent meansof testiug 
the weight consists iu putting the bird ou its back, tbe wiugs extended, 
and attaching to each wing a bag containing a kilogram of shot. 

I wished, however, to have a more precise measure of the strength of 
the pictoral muscles. For tliis purtiose a hoodwinked harrier was 

C laced on its back in tbe position just described. The application of the 
ood plunges these animals into a sort of trance, during which all sorts 
of operations can be performed on them without tbeir betraying any 
unpleasant sensation, except by reflex movements. I denuded tbe great 
pectoral and the humeral region, tied tbe artery, and disarticulated the 
first joint, removing the remainder of the wing. I then fixed a cord to 
the extremity of the humenis, and at tlie end of this cord tbe basin of 
a balance, into which shot was poured. The body of tbe bird being 
perfectly motionless I excited the muscle by inducing interrupted cur- 
rents of electricity, and while artificial tetanus was produced, an assist- 
ant added more shot, uutil the force of contraction of the muscle was sur- 
mouuted. At this moment the weight supported was 2 kilograms, 380 
grams. Now, the arm of the lever at the end of which tbia weight had 
been placed was of the same length as the humerus, that is, about cen- 
timeters, the measurement being the length between the attachment of 
the cord and the center of motion of tbe humeral articulation. Tbe arm 
to which the power is applied is evidently much shorter, and is more 
difficult to measure. In the first place, the attachment of the great 

" WsgnOT's HondwurtL-rbnch iliT Plifsiologie. 
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pectoral muscle extends about 3 ceotimeters in its longest direction. If 
we snppose«l the muscular force applied to the middle of this liue of 
attachment, the leverage of the power would be about 17 millimeters. 
The weight lifted aud the muscular exertion, both multiplied by their 
respective leverage, are equivalent to ea«h other. It follows that the 
real value of the power of the bird is ~f^; which gives 12''.C00 for 
the entire force of the great pectoral muscle. Dividiug this number by 
9 "1, 7, which represents the surface of the section of the muscle, we 
obtain for each bundle of muscle of the bird, having one square centi- 
meter of sectional surface, a power of 1,298 grams. 

The small result which I have obtained may be affected with certain 
causes of error. In the first place, I had not cut the tendon of the 
middle pectoral muscle which elevates the wing. It may therefore be 
objected that, as the electric currents have radiated throughout tlifl 
deeper regions of the thoracic muscles, and have excited the elevator 
muscle of the wing of which the action is antngonistic to that of the 
great i^ectoral, that is to say, acting in the same direction as the weight, 
has sensibly diminished the force necessary to neutralize the power of 
the former muscle. It may also be said that the electric agent cannot 
produce as powerful an eOutt in the muscle as that evoked by the will. 
Admitting that these objections are all well founded, let us double, or 
even quadruple the force which I have assigned to the muscle, and still 
we shall not equal the result that Koster attributes to the specific force 
of the muscle of man. Thus, in spite of the want of precision in the 
experiments which I have made, I believe the proofs can be found in 
them that there does not exist in the muscles of birds a notably greater 
power than that found in those of other animals. 

One of the most striking peculiarities of the action of the muscles of 
birds is the extreme rapidity with which in them is evolved force. Of the 
different kinds of animals of which I have determined the character of 
their muscular action, the birds have exhibited the most nipid move- 
ments. The curve of motion which a muscle produces can be registered 
by myography, aud thus the duration of its contraction and relaxation 
can be estimated. If we make use of electricity or any instantaneous 
motor, on the nerve of a muscle, or on the muscle itself, a motion is 
evoked of which the duration varies according to the species of animal 
experimented upon. This motion, which I have called the majicular 
shock, to distinguish it &om the prolonged contraction which takes place 
under other ciixtumstances, lasts in the muscles of the tortoise a s«.'cortd 
or more : in man it lasta at least six or eight hundredths of a second, 
and in birds it endures about four-hundredths of a second. This rapidity 
ia an indispensable condition of flight. In fact, the descending wing 
can only obtain sufficient hold on the air by moving with great s|>eed. 
The resistance of the air to a plane surfiice pressing upon it sensibly 
increases as the square of the velocity with which the plane descends. 
To have powerful muscles would be of no use to the bird if they acted 
slowly ; their force would be wasted for want of resistance, au<l no 
results would be produced. It is otherwise with terrestrial animaU 
whicli run or gallop over the ground; they definitely utilize their mus- 
cular force in work by reason of the great resistance which they en- 
counter. Rapid motion is necessary even to fishes; the water in which 
they exist resists in proportion to the rapidity with which it is struck by 
the tail and fins. If the muscular action ia quick in the case of fisbe^i, 
it must be mucti quicker in that of birds, which move in a much mom 
rarefied medium. To explain the production of soch rapid motion as 
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that exhibited io the motioc of birds, it must be admitted tliat the 
cl>emic!il aetion whicli takes place iu tlie substance of the muscle, and 
vliich generates beat and motion as in a machine, is produced more 
rapidly in the muscles of birds tliau iu those of any other class of 
animals. I must be permitted here to insist ou the consideratiou of the 
molecular phenomena of which the mnscloH are the seat, since wc shall 
thus obtain more light upon our subject. Extending to organized beings 
the principle of the conservation of forces as well as the identity of 
power and heat, modern physiologists admit that a combustion takes 
place iu the muscles as in the furnace of steam-engines. This combus- 
tion or chemical reaction liberates the forces which the seimrate atoms 
contain, aud readers them evident under two forms, heat ami mechanical 
energy, which are in one sense the complements of each other. When- 
ever a muscle contracts without raising a weight or otherwise expending 
power, it becomes sensibly heated. If it raises a weight, or otherwise 
expends power, it exhibits less heat, and this loss of heat, if it could be 
measured, would correspond tO' the mechanical equivalent of the work it 
has perlbrmed. It is true that we cannot estimate exactly the heat that 
a living muscle disengages during contraction, for the circulation of the 
blood carries off to diflerent parts of the body more or less of tiie heat 
generated. All tho experiments of Beclard, Heidenhain, Hien, and 
others, tend to prove that the production of heat diminishes in propor- 
tion to tho increase of i>ower exi>ended in work. This is enough to 
authorize the application of the principle of the conservation of forces to 
physiology, a principle, moreover, thoroughly justified by human reason. 
Two methods may be adopted in cxphvining the production of power 
from the cheuiical action which takes place in the muscles. Either the 
chemical action which we have called combustion liberates force sim- 
ultaneously in the two forms of heat and power, or, as in the steam- 
engine, heat is first produced to be afterward partially converted into 
power. Certain facts render this last hy|>othe&i8 extremely probable. 
AVe can detect, in some cases, in a muscle, the transformation of heat 
into power. The phenomena are manifested in the following manner : 
When the muscle of a frog is detached and movements are excited iu it 
by electricity, submitting it, meanwhile, to a gradual increase of tem- 
I>erature, it is seen that the amplitnde of the movements produced 
decrease up to a certain point, and that an instant arrives when the 
muscle will not react at all. This loss of muscular irritability is {irodnced 
at about 33^ Centigrade. If the muscle is gradually cooled it is seen to 
resume its irritability. What has taken place f If tho motions of the 
gradually heated muscle be carefully registered side by side with a 
number of shocks, it is seen that the decrease of their amplitude is due 
to the fact that the muscle when heated does not return to its normal 
length after contraction. The minima of the curves are grndnally ia- 
creased, showing that the weight lifted by each shock does not descend 
again completely. The power exhibited during the contraction of the 
muscle is not entirely expended by the time the incomplete relaxation 
follows, and a certain amount of reserved imwer remains, of which the 
cause seems to l>e the permeation of the muscle by heat. And when the 
muscle, heated above 33^, becomes inert, it is because it has obtained 
through the action of heat all the contraction of which it is susceptible, 
that is, it has expended all the power of which it is capable. Figure 9 
shows the different i>hasos of this phenomenon. 

While the muscle is cooliug a contrary result is produced, namely, 
the subtraction of an amount of heat equivalent to an amount of power 
expended, that is to say, a relaxation of the mnsde and a descent of the 
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weight which it had ratned. India-rubber possesses properties very 
analogons to those of muscalar tissue, in regard to the traasformatiou 
of heat iDto power. Take a strip or cord of aon-vnlcanized rubber and 
attach to it a weight. It stretches, a negative power is developed, and 

Fig.». 



Showing the effect of beftt on mnsealar contrncHon. (The flRiireahoald be read from 
right to left.) The first traoo canaed by the shuck fa quite high. The second ia not 
BO high, bat this is partly doe to the poiut. from which the tracing; atarfs, l>ciiig nuat 
elevated, aa well as the horizontal line from which tlicmarkof the shock extends. 
This elcvatiuD of the point of departiiro jirovea that tlie mnscio was in a state of con- 
traction from the influence of heat. The same efioct is more and more evident ap to tha 
fifth tmciiLj!, mben the mnscle is cooled, and in its return to its original length tbo 
tracings of tha shocks regain their normaJ siie. 

conformably to the mechanical theory of heat yon can perceive a notable 
iDcrease of temperataife in the rubber. Conversely, submit the rubber 
to an increase of temperature, and it will bo seen to contract and lift the 
weight. But under these conditions tlie amount of power produced by 
the rubber is very small. It may, however, be rendered greater. About 
two years ago, Dr. Ranvier gave me an account of the following experi- 
ment: He stretched a piece of rubber until it was fifteen or twenty 
times as long as before, and thus produced in it a passive state, in 
which it remained elongated even when traction was no longer exerted 
upon it. While in this state, if the rubber was touched with a warm 
body, it became considerably thiclieued at tlie poiut of coutact by the 
contraction of the part, and returned to its original length and thick- 
ness. Placed in the hoUow of the hand the passive thn^ twisted like 
a worm, and resumed its normal length and size in a few momeot& 
Part of the phenomena exhibited in the experiment of Dr. Kanvier waa 
readily explained. The heat applied to the rubber was transformed 
into power by it; but what was the passive state into which the rubber 
had been brought before the effect above described could have been 
produced? In repeating the experiment and considering the facts mora 
attentively, I soon i)erceived that the duration of the traction to which 
percha was submitted played an important part in the production of the 
passive stato. If I 8tret<;hed the thread to twenty times its original 
length and instantly relaxed it, it readily returned to its original 
condition ; but if the contraction was prolonged thirty seconds, a minute, 
or longer, the thread left to itself contracted only partially. It became 
partly passive, and much more completely so when the traction was 
more prolonged, ^ow, the influence of the duration of the traction can 
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be rationally explained, if we recollect that the rubber becomes heated 
wheu stret«lied. We may then naturally suppose that the heat wliich 
appears upon its surface will disappear by degrees if the traction be 
prolonged ; and if heat is necessarj' for the contraction of the rubber to 
its original dimensions, it will not contract entirely if a proportion of 
the heat disengaged in stretching has been dissipated. If this theory 
be correct, it will be easy to rapidly produce a passive condition of the 
rnbber by quickly depriving it of its sensible heat. This is precisely 
what takes place. Stretch (» thread of rubber, and plunge it into cold 
water, and it can instantly be taken out in a passive condition, frozen, 
BO to speak, in a state of elongation. Heat it, and it returns to its 
original dimensions with the development of power. I hardly doubt 
that the physicist can obtain in the power thus developed the exact 
equivalent of the heat absorbed. 

We have strayed away from our subject, but we shall return to it with 
enlarged ideas which will enable ua to analyze more completely the ac- 
tion of the muBclea. In tact, we have in the emplo>'ment of the percha 
a sort of aehema of the mnscle. Sow you are aware of what assistance 
can be derived from theoretical apparatus in the study of certain phe- 
nomena which are presented with too much completity, in the case 
of living beings, to be understood readily. The rubber will assist us 
to comprehend the manner in which the work of the muscles is per- 
formed in animals in general, and especially in the birds with which we 
are now occupied. Take two cylinders of rubber of the same dimen- 
sions and weight, stretch them to ten times their original length, and 
cool them in that condition. If we restore to these two cylindrical 
threads the amount of heat which they had lost, both in contracting 
will perform the sajne amount of work in a similar manner ; that is, 
both will lift the same weight to the same height Next, taking two 
cylinders of the same weight, but of unequal diameter, one, let us sup- 
pose, being ten times as thick but only oue-tenth as long as the other; 
stretch each ten times its normal length and cool it ; both will still be 
able to do the same amount of work, but no longer in the same manner. 
The short, thick cylinder, for instance, will raise a weight of 100 grauis 
a distance of one centimeter. Tlie long, thin cylinder will not support 
so great a weight at all, but if loaded with a weight of 10 grams will 
raise it a distauce of 10 centimeters. The measure of a mechanical 
power is obtained by multiplying the weight raised by the height 
through which it is raised. This product being the same in the two 
cases, the same amount of power, therefore, has been expended, but not 
iu the same way. So, in the cylinders of rubber which have been 
stretched in proportion to their length, and IVom which the same amouut 
of beat has been withdrawn, the amount of power produced by the res- 
titution of this heat will be proportioned to the weight of the rubber j 
the weight lifted to the diameter of the rubber, and the height to which 
the weight will be lifted, to the length of the rubber. All that we kuow 
of the function of muscle tends to prove that the power exhibited 
by it is governed by the same laws. Thus, the amount of contraction 
of muscles depends on the length of their fibers, while the maximum 
power which they are capable of exerting is proportional to the diame- 
ter of the bundle of muscular fibers. For example, in the case of Un- 
man muscles, the short, thick deltoid muscle is capable of but little 
coDtractiott, but exerts great force : the long, thin muscles of the fore- 
arm, on the contrary, cannot develop the same iwwer, but by their os- 
eeons attachments the extent of their contraction is much greater. If 
we supiKise these two muscles to be of the same weight, they can do an 
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eqaal amonnt of vork, bnt in the different ways wliicb pertaiu to the 
diifference iu ttieir strnctural conditioa. 

If we study the fonn of tlie great pectoral mtiecle, or that whcih pro- 
dnces the downward stroke oi the wing in different species of birds, we 
shall see that tliis muscle presents much variation in form. In some 
cases it is long and narrow, in others short and thick. We shall see 
that this anatomical difiference corresponds to important differences in 
the character of flight. It is enough to observe the flight of a duck and 
of a marsh harrier to be struck with the great difiference in the move- 
ments of the wings of these two birds. The duck elevates and depresses 
its wings very much, describing with each of them an arc of more than 
90°. The extent of these movements in the harrier, on the contrary, is 
very small ; when it is observed iu profile the point of wing is hardly 
seeu to pass below the shadow of its body. This diffexence iu the type 
of digbt has struck some observers with such force that they have divided 
the birds into rowers and sailors. The first are those which strike the air 
with their wings in flying as a boatman strikes the water with his oar; 
the second class exposing the surfaces of their wings t« the wind like the 
sails of a ship, dy in a sort of passive condition, utilizing the currents of 
the air in sustaining and directing themselves. We shall see hereafter 
that there is a reality in this 

distinction; at present we ^'S' ^*'' 

shall only accept the incon- 
testable fact that certain 
species of birds impart a 
great amplitude to the 
movements of their wings, 
while others move them 
only through a very small 
extent. 

I have dissected a wild 
duck and a harrier to show 
you the form of the pecto- " 
ral muscles. Iu the duck 
the great pectoral is quite 
long, while in the harrier it 
is very short, but the trans- 
verse section of the muscle 
of the harrier is much larger 
than that of the duck. If we 
consider only the relative 
length of the pectoral mus- 
cles we see that it varies, 
as it should do according 
to the theory ; that is, it is 

greater or less, according to „, , , ^.. ,. » i-- . i_. 

the amphtnde of the motion The extrerao brevitr of tbo st^m.im U se^u in pro- 
Will CU tue bird executes in portion to the great leogth of the wing, 
flying. 

But to what does this nnerjual development in the thickness of the 
Itectorals correspond t It would appear to con<espond to a greater 
muscular exertion in the harrier than iu the duck. How can this exer- 
tion be demonsti-ated f If we compare the birds which have short and 
thick pectorals with those which have long and thin ones, we see that 
the surface of the wings is very large in the former, while it is very 
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small in the latter. We tnow that the resistance of the air agaiust a 
BDrfiace acting with n certain rapidity is in proportion to the extent of 
^ ]j that sart'acc; other things being 

the same, a greater exertion is re- 
quired to move a large wing thaa 
one of less siiperdcial extent. 
Everything goes to show, then, 
that the difference in the form 
of the pectoral muscles in differ- 
ent birds accords with the differ- 
ences presented in tlie manner 
in which they perform their re- 
spective work. Two birds of the 
same weight perform the same 
labor in flying, and av)parently 
should have mnsclesof the same 
weight ;butif the muscular masses 
present the differences in form 
which we have indicated, we see 
that the work is done in different 
ways. Tlie birds with small 
wings increase the small resist- 
ance which these offer to the air 
by moving them through a largo 
extent of space, wliilc those with 
large wings equalize the resist- 
ance by ti-aversiug a shorter dis- 
tance witli tliem. 

But, it may be said, nature 
might have attained these differ- 
ent methods of flight by giving 
muscles of uniform organization 
to all birds. It would have been 
snOicient to have given different 
positions to the point of attach- 
ment of the great pectoral to the 
humerus, or, in other words, to 
varj' the length of the arm of the 
lever in proportion to that of the 
resistance. Comparative anat- 
omy shows that tliis is not the 
case. In birds, the great pecto- 
ral is always attached close to 
the articulation of tlie shoulder. 
The absolute distance which sep- 
arates this attachment from the 
center of motion of the humerus, 
seems to varj~ only in accordance 
with the form of the bird, and 
not according to tlie relatively 
greater or less extent of the 
wings. Tliis last depends princi- 
pally upon the length of the fore- 
arm and its api>endage8. It is 
Skeleton of » flafflingo, (after Milne Ed- "O*. Df^ccaaary to (lissect many 
■wards.) Tlie wing is MTyluige, and theater- Inms of dinerent kiuds to prove 
nnm very abort. the constancy of the law which I 
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have Bonfiht to establish ^itli re^rd to the relations of tbe alar sarface 
with the leiigtli of the great pectora mascle. 

The iiis])Cction of the skeleton fumiahes tbe principal elements of this 
veriticntion. Passing throiij^h that part of the zoological collection in 
the uiti.seiim which isdevoted to the exhibition of the skeletons of binis, 
you will come away convinced of the relation between the extent of the 
wing anil the length of the great pectoral muscle, as shown in the length 
of the sternum. You see by Figs. 10, 11, and 1^, how osteology furaishes 
the necessary proofs of this statement. 

In birds tbe de- , Fig. 12. 

Telopment of tlio 
bones of the wing 
gives us a sufll- 
ciently correct idea 
of the extent of snr- 
face presented by 
these organs when 
covered with feath- 
ers. Compare the 
prodigiouslengthof 
the fore-nrms in the 
albatross with those 
of the dnck, guille- 
mot, or diver ; the 
proi>ortion of the 
bones will give at 
the first glance the 
superiority in re- 
gard to flight of the 
albatross iu the 
greater extent of its 
wings. (Comparing 
the sternum of dif- 
ferent birdsyou will 

find it large, bnt ^ 

very short, in the ? 

albatross. On the 
contrary, in the 
dnck, the diver, and 
the guillemot, the * 
sternum, though narrower, is comparatively very long. The lateral 
channels, which lie on each side of its keel, represent, in one sense, 
a hollow mold of the pectoral muscles. You can thus verify by the 
skeletons of hawks and other rapacious birds, the fact that short, 
thick mnscles appertain to large wings ; and by the skeletons of ducks, 
swans, and diving birds, that small wings possess more slender but 
larger muscles. This briugs ns to the considenitions which I have pre- 
viously brought forward. We now see how we can measure the power 
developed by a flying bird. It is necessary to know the resistance 
which the air presents to the surface of its wing, and to multiply this 
resistance for each stroke by the distance which it traverses. Still the 
problem is not as simple as one might suppose, alter this announcement. 
All tends to the belief that the rapidity with which the wing striken the 
air is not uniform, and that it has increasing and decreasing phases, to 
which the relative resistance of the air corresi>ouds. To know the exact 
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nature of tlio movementB of iv bird's wing is tlie question now presented, 
and this will be the object of our next experiments. 

Fitrm o/tlte bird. — All ttiose who liave studied the flight of birds have 
called attention, with great propriety, to the form of these animals, 
which renders them eminently suited to flight. Tbey have seen in it 
the conditions necessary for perfect stability in the midst of the air. 
They have well understood the office of those gi-eat surfaces ibrmed by 
the wings, which sometimes serve as a parachute to enable the animal 
to descend very slowly, while at others these surfaces glide over the 
air, following the plane of their inclination, and ]>ennittiug the bird to 
descend obliquely, or even to rise, or, as we shall see, to advance with 
motionless wings. But many observers have gone so far as to assert 
that some species of birds have an entirely passive flight, and that, sub- 
mitting their wings to the action of the wind, they obtain a force suffi- 
cient to i>ropel themselves in any direction, even against the wind itself. 
It seems to me important to discuss, in a few words, this essential point 
in the theory of flight. 

The stability of the bird has been fully explained ; there ia nothing to 
add to the remarks which have been made on this subject. The attach- 
ment of the wings is situated exactly at the most elevated part of the 
thorax of the bird, and consequently when the extended wings take 
hold on the air the weight of thcr body is to be found below this surlace ot 
suspension. Jt is known also that in the bmly itself the lighter organs, 
the lungs and air sacs, areabove, while the denser mass of the intestines 
is situated below. Lastly, the thoracic muscles, so heavy and thick, 
occupy the lowest point of the system, so that the densest portion of the 
body is placed as much below the point of suspension as possible. The 
bird which descends with outstretched wings, therefore, always has its 
ventral region lowest ; it does not need to exert itself in order to preserve 
its equilibrium, but takes this attitude passively, as does the parachute 
when let fall through the atmosphere, or as the shuttlecock which falls 
back upon the battledore. But this vertical descent of which I have 
spoken is exceptional; the descending bird is almost always actuatetl 
by a motion previously obtained, so that it slides obliquely upon the air, 
as does a light body of large su[>erhcial extent when placed in the above- 
mentioned situation. Mr. J. Pline has carefully studied the different 
kinds of sliding which may occur in this manner, and has even repro- 
duced them by means of a very simple and easily -construetetl theoreti* 
cal apparatus. I'ake a square sheet of paper and fold it midway, so as 
to form a rather obtuse angle, as in Fig. 13; then, with a little wax, 
fix in this angle a small metal rod, fumishe<l with two balls of the same 
weight, and the result will be an apparatus which will possess stability 
in the nir. 

If the center of gravity is exactly in the center of the apparatus, it 
will be seen to fall vertically when dropped into the air, with the edge 
of the angle downward. If the center of gravity is displaced by taking 
away one of the two balls, instead of-falling vertically, it will pursue an 
oblique course and slide over the air with an accelerated motion. The 
trajectory of the apparatus in this cose will bo described In a vertical 
plane if the two sides of the apparatus are perfectly symmetrical ; if 
this is not the case it will he deflected toward the side of least resist- 
ance. This eS'ect, easily comprehended, is identical with that i>roduced 
in the coarse of a ship by the resistance of the mdder. It can also bo 
produced in a vertical plane, so that the t«yectory of the apparatus, 
may present a curve with a superior or inferior concavity, according to 
the conditions of its projection. 

"" .,.,,,., Google 
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All thin curved bodies tend to slide upon the air in the direction of 
the radius of their special cnrve. If we bend the anterior or posterior 
edge of our little apparatus at a certain point in its oblique course, we 
shall see it rise, notwithstanding the force of gravity, though its motion 
soon ceases. What has happened in this easel 
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beat paper. This, its is indicated by tbe lower rcpresentatioDs of the rod, iallg veiti- 
coJly. To tbe rigbt the eame opparatiin, with only a single ball, is represented. It 
desceodB is a parabolic carve, repcesentetl by tbe dotted liue. 

When there has been but little rapidity in the fall of the object, tbe 
curve of its surface remains motiouleKS, because tbe air offers resistance 
only in proportion to the rapidity with which they move. Therefore, 
when this rapidity has been sufficieuMy great a steering effect is pro- 
duced, which elevates 

the anterior extremity '*■ ' 

of the object and im- 
parts an ascending 
motion to it> But very 
soon the weight, which 
was the motive power 
of the apparatus, be- 
comes a retarding 
force, and in propor- 
tion as the object as- 
cends its motion be- xv ' 
comes slower, and 
finally ceases. After 
this^ retrogradation 
begms, to be followed 

hv annfhpr rian otiil Tlie posterior corners of tbe t' 
ny another rise, anU ],ave l.^n bent upward and inw 
80 on, until oy sue- ing curve the apparatus rises, at 
cessiveosciliationsthe 
apparatus finally roaches the earth. I may add that if a slight con- 
cavity is given to the object below, the reverse takes place, and we see 
at a certain moment the tnyectory sharply defected downward, and 
the object strikes the earth with great violence. In the second case, 
at the moment when the steering effect is produced, the weight is in a 
favorable position for a precipitate descent, and opposed to the asceud- 
ing reaction. 
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I emphnsize these effects beoaase they are fre<]uently produced in the 
flight of birds. The old treatises ou falconry describe tbe interesting 
evolations of tbe binls employed in hnnting. Without firoing bac!i 
farther, we find in Iluber (octavo, jiublished at Geneva iu 1T84) a degcrip- 
tion of the cnrvilinear movements of the fidcon, to which they gave the 
name of passades, and which consisted in an obliqne descent of the bird, 
followed by a rise in its course. "The bird," says Hulwr. "when abonc 
to strike the earth, carried away by its own rapidity, would be dashed 
to pieces if it did not call into ac.tion a certain faculty which it possesses, 
stronger than its descending motion, to rise even high enough to make 
a second swoop. Tbis motion is sufficient, not only to arrest its descent, 
but even to carry it without effort as high as the elevation trom which 
it came." 

Fig. 15. There is certainly exaggera- 

tion iu tlie statement that tbe 
bird remounts as high as the ele- 
vation from which it descended 
without further effort. The re- 
sistance of the air must over- 
come part of the foix^ acquired 
during the descent, and which 
is transformed into ascending 
force. "VVe see, however, that 
the phenomena above described 
is confirmed by observation, and 
that it has been considered in 
some sort as a passive act in 
which the bird expends no mus- 
cular power. The act of hover- 
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UieobjecttakesaverfrapiddeMeDti- eua Just described. When Some 
birds, pigeons for instance, have 
used their wings daring a certain distance, the wings are seen to be 
perfectly quiet during a few seconds gbding through the air, either 
horizontally or risin'g or falling. Tbe descending motion has the long- 
est duration; in fact it is only an extremely prolonged descent in which 
motion is maintained by the force of gravity, which diminishes it in the 
horizontal or< ascending plane. In these latter forms the wing, more or 
less obliquely directed, takes bold on tbe air like the toy kite, with this 
difference, t bat motion is imparted to this by pulling the string when 
the air is calm, while tbe bird utilizes momentum previously acquired by 
an oblique descent or previous strokes of the wings. 

1 have already said that observers have admitted that certain birds, 
which they call sailors, can sustain and direct themselves in tbe airby 
means of the wind alone. This theory appears paradoxical. It is in- 
comprehensible that a bird, motionless in the wind, should not yield to 
the resistance of tbe air through which it glides. If the passades or 
swoops which the falcon executes can sometimes carry it against the 
wind, this can only be a transient effect, compensated for by being car- 
ried away by the wind more rapidly in another moment. However, 
this theory has l>een sustained with great talent by some observers, 
e8i)ecially the Count d'Estemo, the author of a remarkable memoir 
ou the dight of birds. "Every one," he says, "can see some birds 
practicing this method of flight; to deny it is to deny self-evident 
facts." I myself have noticed this mode of flying, but it has seemed 
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to nip tbat it is executed in general untler the following special 
coiiilitioDs: Along the cliffs of the coast of Normandy I bave seen tbe 
gulls aud sea-mews performing tbeir evolutions without moving their 
wingi4. I bave seen tbe daws aud rooks flying iu tbe same manner 
ivronud old cathedrals. But the same birds, when tbey left> these 
s]>ecial stations, bave always appeared to me to use tbe rowing method 
of flight; that is to say, making regular strokes of tbeir wiuga, some- 
iimes interrupted iu the daws by swoops of short duration. I theu 
sought to determine the direction of tbe wind, and thisi.'^ what seemed to 
me to occur : When a bird finds itself iu the neighborhood of a cliff, 
where the air is culm or agitated by eddies in a contrary direction to 
tbe prevailing wind, it can pass successively from the calm to the agitated 
air, and con\"erseIy. A sea-mew surrendering itself to the force of the 
wind, receives no impulse which carries it with a certain rapidity, aud 
if, by simply tumiug, the bird enters a regiou of calm air, it cau ntilize 
the impulse which the wuid has given it in returning to the height 
which it hatlleft. PInngiugagain into the zone of agitated air, it recom- 
mences the evolution which I bave just described, without moving its 
wings, except to give them difterent inclinations. The daws and rooks 
ajtiiear to me to find tbe same conditions around the cathedral towers. 
The authors who bave reported the most curious cases of sailing flight 
have observed them iu mountainous regions. It is a condor in tlie 
Cordilleras, or an eagle iu the Pyrenees. The sailing flight has often 
been described of certain birds of prey, who, in tbe middle of a plain, 
rise aud turn without moving their wings. I myself have often seen 
harriers fly in this manner, but I have always determined, also, that in 
this ease tbe spiral which they describe is altered by the wind, and 
that the birds are definitely carried to leewai'd with a more or less rapid 
motion. 

Even when reduced to these limits the influence of the wind on the 
flight of bu-ds is very diflBcult to explain. It is complicated by very 
difi'ereut conditions in which the motion acquired by tbe bird, opposed 
from various directions by the force of the wind, gives rise to tiie most 
varied combinations of motion. It Is also known that in the upper 
regions of the air various currents exist, sometimes even in a contrary 
direction to those which obtain near the surface of tlfe earth, so that the 
bird, ])assing from one to another, find forces which carry it in opposite 
directions." 

Finally, tbe question of sailing flight seems to me one of the most 
diflicnlt to solve. It would be temerltous to absolutely condemn thb 
opinion of observers n^wn such vague theories and ideas as we possess 
ujion the subject. 

One of the most interesting points in the conformation of binis coo- 
sists in the determination of the relations of the extent of the alar sar- 
taces to tbe weight of the animal. Is there a constant relation between 
the weight and these surfaces! This question has been the cause of 
numerous controversies. It has been already shown that if birds of 
very difl'erent kintls, yet of the same weight, be compared, tbe wings of 
some species are found to have four or Ave times the extent of others. 
The birds which have large wings are usually those which bave been 
called "sailors," while those which bave tbe wing short aud narrow are 
generally classed as "rowers.' But if we compare two "rowing" birds 
with two "sailing" birds; if, for still closer comparison, we take them 
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from the Sftme femiiy, in order that tho only diffprpnces shall be those of 
foiw, a somewhat constant relation will be found between the weight of 
the bird and the surface of its wings. But the determination of this 
relation should be based upon cert<iin considerations, which have long 
escaped the attention of naturalists. Mr. de Lucy sought to measure 
the surface of the wings and the weight of the body in all Hying 
animals. Now, toestablish acommon unit amonganinialsof such diflei-ent 
kinds and forms, he reduced all the measures to an ideal type, of which 
the weight should always be one kilogram. Thus, after having proved 
that the gnat, which weighs three milUgrams, possessed wiligs with a 
surface thirty millimetres square, he concluded, in the tyi>es represented 
by the guat, the kilogram of animal wiis su|)ported by au alar surface of 
ten square millimeters. By making a comparative table of the measures 
taken from a great number of animals of different kinds aud various 
forms, ho arrived at the following figures: 



SpecieB. 


Weight. 


'Wing HOrface. 


Surfiuv per ki lograni. 




20 centigram e. 
9, 500 grams .- 


1.663 Bq.millimeterB. 
750 8q. centigmms... 
4. 506 an- centimeters. 

8,543sq.ceutimet«re. 


10 sq. millimeters. 






a. 586 sq. centimeters. 
l.S'JdBq. centimeters. 
899 sq. ctuliiueters. 


ffi":::::. ":■.'.:::::::: 


AnBtralian ciaae 



From these measurements, iu spite of variations in detail, the evi- 
dent result is obtained, that animals of large size and gi-eat weight 
BQStain themselves with a mncli smaller proportioual alar surface than 
smaller animals. A similar result already shows that the oflloe of the 
wing in flight is not merely passive, for a sail or pnrachnte should al- 
ways have a surface proiwrtioned to the weight which acts upon it; 
considered, on the contrary, from its true point of view, that is to sjiy, 
as an instrument for striking the air, the wing of the bird should, as 
we shall see, present a relatively smaller surface iu birds of Inrgo size' 
and great weight. The astonishment exhibited at the result of the de- 
terminations made by Mr. de Lucy disappeared when it was remem- 
bered that there was a geometrical reason why the alar surface could 
not increase iu proportion to the weight of the bird. In fact, if we 
take two objects of the same shape, two cubes, for example, of which 
one shall be twice as large in diameter as the other, each one of the 
faces of th() larger cube will be four times as large as the corres|>onding 
face of the smaller, while the weight of the greater cube will be eight 
times that of the lesser one. For all similar geometrically solids, the 
linear dimensions having a stated relation to each other, the surfaces 
are as the square aud the weight a« the cube of their similar linear di- 
inensions. Two birds of similar form, but having, one of them, the 
spread of the wings from tip to tip twice as great as in the other, will 
bave respective wing surfaces in the i)n)portion of 1 : 4, aud weight as 
1:8. M. F. Demond^sir. who applied these principles befoi'e me, 
thought that he had found in them a reason for the smaller size of 
birds are capable of dight, while those of a larger kind, such as os- 
triches and cnssowarys, do not fly ; he observes that if these birds had 
as large wings as the heron, in proportion to their weight, they could 
iiot fold them completely, and would drag them as long and enibaiTut^s- 
ing appendages. These observations would bo correct according to the 
theory of "sailing" flight, biit in "rowing" flight, the amplitude of the 
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stroke of the wing, increasing in proportion to the size of the bird, mul- 
tiplies the resistance which the wing meets from the air, and the reac- 
tion bears a similar proportion to the weight of the birds tbemseUM. 
I>r. Harejm de Villenenve, upon the same principle, has songht to de- 
termine the alar extent which would enable a bat of the same weight 
as a man to fly. Ue foand that each of its wings wonld l>e teas than 
three meters in length. 

A remarkable work by Hastings* has appeared this year on the rela- 
tive extent of the wings and the weight of the pectoral muscles in the 
different species of flying vertebrate animals. The author first shows 
that among birds tbe'existeuce can be established of a certain relation 
between the surface of the wings and the weight of the body. But we 
should be careful to compare only comparable elements ; that is to say, 
the length of the wings, the square roots of the alar surfaces, and the 
cnbe roots of the weight among different birds. Let I be the length of 
the wing, a its area, and ic the weight of the body, we can compare 
among themselves /, Va^ yflc. 

Examining different t,vi>es of bird, Hastings made weights and mea- 
surements, from which the following table is extracted : 



; wdgbt. 

Specica. 


Snrface. 


Belation betirteB 
thctD. 


ir. . 


a. 1 ^a ^i - V»- 


LaruB BrKeotatDS 565,0 


Ml 
3-il 

144 
Ml 
164 

101 
lUl 
106 
85 
44 
75 
31 
25 
24 


2.35 














Macbeth pnitnax ; VM.O 


2.a 






Tnnina merula , P-^.d 


£.31 




las 














Panu ciertileas ' 9.1 


2.-M 



The weight of the pectoral muscles is, on the contrary,in simple pro- 
portiou to the total weight of the binl, and in sjiite of the* difl'erences 
which corresiMind to the difl'erent degrees of aptitude to flight with 
which each species is endowed, we perceive that the proportion of the 
weight of the [>ectoral to the total weight is about one-sixth in the 
greater number of birds. 

Each animal cai>able of sastaiuing itself in the air mnst develop a 
force proportional to its own weight, and should i>ossess an amonnt of 
muscle proportioned to this weight; for, as we have seen, if the chemi- 
cal action which takes place in the wings of birds be always of the 
same nature, this chemic^ action and the power which it generates will 
be proportionate to the size of the mnscular masses. Now, how is it 
that the wings of birds in which the surface varies as the square of the 
linear dimensions snflice to move bodies of which the variation is in 
proportion to the cubes of these dimensions t Here it is necessary to 
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bring in the tbeory of power; tbat is to say, of I'esistance innltiplicd by 
the square of the dietance tbrongh wbicti it acts iii a given time, admit- 
ting a uniform rat« for the downward stroke of the extremity of the 
wing in two birds to be compared, and wiiieli have the proportion of 
1:3 in their linear dimeusious. The surface uf the wings of the larger 

Fig. IG. 



bird will be, as we have already said, four times as great as that of 
the smaller one; now, as the resistance of the air against surfaces 
moving at the same rate is proportionate to their extent, if we call the 
resistance experienced by tlie wing of the small bird r, that for the 
large bird will be 4 r. Bnt these birds, in the downward stroke of their 
wings, do not execute motions of equal amplitude. lu the large bird, 
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each point of tlie ^iug ^ill travel twice bs far as the Bimilar part of tlie 
smaller binl. It we call the space traversed g, the resistance r, which 
tlio wing of the small bird encounters, we shall bare rg for the work 
done by the wing, and ir2 g or 8 rg for the work done by the bird. 
We Bce, then, that this work increases in the same proportion as the 
weight of the animals we are comparing. 
, Anotliei* conclusion results from the preceding considerations. If we 
admit that the wing [wssesses the same velocity in both birds, the dura- 
tion of the stroke will increase with the space traversed by the wing ; 
that is, it will be proportioned to tlie linear dimensions of the bira. 
Observation confirms this view by showing tbat large birds make fewer 
strokes than small ones do. We have not yet been able to determine 
exactly the number of strokes of the wiugs of birds to ascertain if their 
frequency presents an exact inverse ratio to the size of the animal, but 
it is easy to see tbat it is iu this manner that the &eqaency of the wing- 
strokes of birds varies. 

The graphic method, which is easily employed in determining the 
frequency of the wing-strokes of insects, cannot be similarly employed 
with birds. It is necessary to adopt some method of transmitting 
signals from the flying bird to the registering apparatus. For this pur- 
pose, I have first used the electric telegraph, which furnishes the means 
of solving the following questions : 1. Wljat is the frequency of the 
strokes of the wings of a bii-d! 2. What are the relative durations of 
the periods of elevation and depression of the wings f The exi>eriment 
consists in placing at the extremity of the wing an apparatus which 
breaks or closes an electric circuit at each of the alternate motions, 
while at the further part of the circuit is placed an electro-magnetic 
apparatus, which makes a trace upon a turning cylinder. Fig. 16 
shows this method of studying the flight of a pigeou, together with 
another metbod of transmitting signals. In this figure the two wires 
are separated from each other. 

The writing style traces a crenulated line of which tbe changes of 
direction correspond to a change iu the direction of the motion of the 
wing. 

In order that tbe Sight may beas free ns possible, a fine, flexible oord, 
containing two wires, establishes the commuuication between the bird 
and the writing telegraph. The two ends of the two wires are atteched 
to a very small, light apparatus which, from tbe resistance of tbe air, 
executes a kind of valvular motion. When the wing is elevated the 
valve opens, the circuit is broken, and the line traced by the telegraph 
rises. When the wing descends the valve closes; tbe circuit is also 
closed, and the line is depressed. 

Applied to difl'erent kinds of birds, this apparatus registers the fre- 
quency of the strokes of the wing in each. The number of species 
which I have as yet been able to study is very small ; I have, however, 
obtained the following results; 

Xumber of vibratiotis of the wing per seetynd. 

Sparrow 13 

Wild duck 9 

Pigeon 8 

Hen-hawk, Buteo Titlgaris, a hawk called iu England and Franco tbe 

" buzzard " or " bmar^ 5} 

Screech-owl 5 

Harrier, Circus rufas, marsh harrier of England, bute of France 3 

, Cookie 
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The frequency of tlie strokes varies accordinc as tbo bird is starting, 
ia iu full motion, or at the end of its flight. Some birds, as we know, 
have periods when the wing is motionless, and when tliey move by 
means of the momentum acqnired. 

It is interesting to observe the relative duration of the periods of 
ascent and descent of the wings. Contrary to the opinion expressed by 
some observers, the descending period is generally longer than that of 
elevation. The inequality of the two periods is especially evident iu 
birds which have large wings and make few strokes. Thus, while the 
periods are almost equal in the duck, which has very narrow wings, they 
are unequal in the pigeon, and mucu more so in the harrier. 

The following figures exhibit the results obtained from several species 
of birds: 



8pe«ki. 


Total distanoo travcreed during one com- 


Froportional dia- 

toiice. 




Ascent. 


Descent. 






3.0 
3.U 

S.5 























It is more difficult than might be supposed to determine the precise 
instant of the change of direction in the line traced by the telegraph. 
The attraction of the magnet and the relaxation have an appreciable 
duration, if the blackened cylinder turns i^'ith sufficient velocity to 
measure the rapid motions which we seek to analyze. The inflections 
of the line traced by the telegraph then become curves, of which it is 
somewhat difficult to determine the precise origin. There is theretore 
a limit to the precision of the measuiemeuts which can be made by the 
electric method. I think that we cannot approximate by this method 
nearer than ^^ of a second to the duration of a motion. 

Another kind of signal allows the estimation of the freqnency of the 
stroke at the same time that it furnishes indi4!ations of the successive 
action of the principal motive muscles of the wing. 

M^ographic method. — In 18(i7 I indicated a myographic method which 
might be applied without mutilating the animal uik»u which the experi- 
ment was performed. It consists iu employing the swelling of a muscle 
to afford e\-idence of its changes in length — that is to say, by its con- 
traction or relaxation. Muscles, not being sensibly compressible, cannot 
change their length' without at the same time changing their transverse 
diameter. A rapid or short, feeble or energetic contraction of a muscle, 
heuce, is accompanieil by an increase in diameter, affording the same 
features of rate or intensity. At each descent of the binl's wing the 
great |>ectoral muscle thus exhibits au increase of size, which can be 
indicated by the registering apjtaratus. 

I have made use of flexible air tubes of Tndia-rnbbcr in transmitting 
these effects, a method which has enabled me at times to register at 
some distance the beating of the heart, the pulse, and the motions of 
respiration. 

The bird flies in an inclosare fifteen meters sqnare and eight meters 
high, liie registering apparatus being placed in the c«nter of this 
enclosure, twelve meters of rubber tubing are enough to establish a con- 
stant communication between it and the binl. A sort of corset is applied 
to a pigeon, (see Fig. IG.) Under this corset, between it and the iwctoral 
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muscle, is placed a little contrivaoce intended to exhibit the swelling of 
the muscle. It consists of a small, gballow metal basin containing a 
Bpiral spring and is closed over by a thin sheet of mhber. Tbia basin, 
thus closed, eouimuuicates with the transmitting tube. 

Any pressure applied to the Pi__ i;_ 

face of the apparatus depresses 
the rubber. The air is forceil 
out of the bnsin and escai>os hy ( 
thetube. Ifthepressureceases, 
the air reenters the basin in con- 
sequence of the elasticity of the 
spring which raises the rubber. 
An alternate inspiration and as- 
piration is br this means estab- 
lishedin the tube, and the mo- ApV'^"*^^''t<<r^^biUtmgtb,><;nntnctioa<>t 
.. „ ., . . ' ■» i ,u the tliorapic muscles of birds. The appercao- 

tioa of the air transmits to the ,„ face is fi-nned of a rteet of rnbbi^lirfd 
registering appariltus a signal of np by aspinil spring, ami is applied Ui the mij>- 
the more or less intense pressure cIob. The lower fn™, in contact with the *m- 
which has been exertwl upon the ??'• ''f"i"'^"',*^ litile book, which are cauL-ht in 
_ , , I i.1 1, - mi tbo cloth uud hold tu^apuaratus in its place, 

rubbei- cover of the basin. The '^ ' 

regit^tering ap{>.iratns I hare Used in all my experiments is also com- 
posed of a Imsin, covered by a rubber membrane vommiinicating with 
the transmitting tube. The motion imparted to the first basin is 
trassmitti'd by the air to tlie rubber cover of the second. The motions 
of the membrane of the receiving apparatus, amplified by a lever, are 
written on the smoked cylinder. Figure 10 represents the general 
arrangement of the experiment in which the electric fclegrajdi and trans- 
mission by air are exhibited together. We see the pigeon under ex- 
periment fHniisht>d with its corset and apparatus for showing the move- 
ments of its pectoral muscles. The transmitHng air-tnl>e ends at the 
registering apparatus, which writes on a revolving cylinder. At the 
extremity of the pigc<m's wing is an arrangement which ojiens or closes 
an electric circuit as tiio wing rises or falls. The two wires of the cir- 
cuit are represented separately, and two cells of Bunsen's battery ate 
seen iii their connection, with the helix, which, furnished with a lever, 
registers the telegraphic signals of tlie motions of the wings. One pre- 
caution is indispensable — the rubber tube which connects the bini and the 
apparatus must be prevented from stretching. When the bird flies it 
raises more or less of the tube, and if this is elastic it will Itecome elon- 
gated by its own weight, producing a rarefaction of the air contnine^l 
in the two receptacles, and the registering lever will traw muscuhu- 
curves ou a deceuding line. To prevent this inconvenience, the tube 
may be tied here and there to the telegraphic cord l)y means of ligatnres, 
taking care that the tube is a little longer than the cord, and that 
it is not subjected to traction. These precautions being taken, nothing 
prevents the successful transmission of signals. No trouble need be 
taken in regard to the elasticity of the tube in a transverse direction; 
its walls are so thick that their elasticity is not bixtnght into play by the 
feeble- changes of pressure to which the air they contain is subjected. 

The bird is let loose at one end of the inclosure, the dove-cote in which 
it is onlinarily kept being placed at the opposite end. The bird 
naturally flies toward the latter. During its flight the tracings repre- 
sented by Fig. 18 are obtained. 

The trace is seen to differ according to the kind of bird experimente<l 
upon. However, in all the traces we perceive the periodical return of 
two motions, a and b, which are produced in each vibratioa o£ the wiug. 
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Fig. 18. Fig. 19. 



Rg. IR. Myognipliio tracings of the pectoralB, obtained from varions klnili of birds 
dnring flight. I. Tmciog of the tnnlng-fork to be used in niftASuring the absolute 
duration of each muacular motion ; this tnning-fork vibrates 200 timps a secoDtl. II. 
Tracing of tlie muscles of u pigeon obtained, as ia Fig. 16, IJI. Truc:iug of a irild 
duck. IV. Tracing of a heD-hanrk. V. Tracing of a barrier. 

Fig. 19. Lino a represents the electric tracing of the ascent and descent of the Tring 
of a Earner, as furiiiHhed by tbe apparatus. Line A is a tracing of a Inning- fork vibrat- 
ing 300 times a oocond. Line c, correction of the electric tracing, tcbich latter does not 
represent the changes nith snfficient abroptness in the figure (a) obtained directly from 
the wing- Lino d, tracing of the action of the pectoral muscles iu the harrier bj the air 
a|inaralns; a', period of elevation of the wing; i', period of depression. Line « will 
be'hereafteT referred to ; it repruseuta the vertical oscillatious of the bird duriog flight. 
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What is the aigaificatioD of these t\7o mnscnlar actional It is readily 
seen that the uiidulatiou a correspoods to the action of the muscle which 
elevates the wing, aud b to that of the muscle which depresses iL 
This can readily be proved by comparing tlie trace of the muscular 
action in tbe electric trace of tbe elevation and depression of the 
wing. Tliese two tracings, placed one under the other, show that 
the Rcriod of elevation of the wing agrees with the extent of the 
nodaiation a, and the period of depression with tlie undulation b. 

But to establish tliis agreement we must take the unequal rapidity of 
the transmission of tlie electric and aiirial signals into account. We 
may consider the electiic transmission aa instantaneous, while the aerial 
transmission is at the same rate as tbe rapidity of sound throngh the 
air, that Is, 334 metres per second. If the points of tbe two bk^les are 
placed vertically one above another, the tracings will not be exactly 
superposed, but the electric signal will precede the other by a distance 
corresponding to a certain fraction of a second, according to the length 
of the tube which has been employed. We can even compute, from tbe 
length of tbe air-tnbe, the amount of retardation, but it is more certainly 
ascertained by a special determination for the particnlar tube which 
may be in use. In a previous experiment, motions were simultan«)U8ly 
transmitted by tbe tube and by electricity, and the discrepancy de- 
termined. In the apparatus which I am using, the constant discrepancy 
is .04 of a second. I should therefore set back the electric signals by 
a corresponding distance, in order that tliey may agree with the signala 
transmitted by the air-tube. Fig. 19 shows tbe superposed tracfng 
from a barrier after correction. 

It is easy to understand how the nndulations a and b are produced in 
all the tracings of tbe muscles of birds. In fact there exist two diatinot 
planes of muscles, in the upper part of the region investigated, near the 
end of the sternum. The most superficial is formed by tbe ^n'eat pec- 
toral wbich towers the wing, the deeper by the median pectoral or eleva- 
tor of the wing, tbe tendon of which passes behind the bifurcatioa of 
the sternum to attach itself to the head of the humerus. The two sup- 
perposed muscles act by their swelling upon the apparatus applied to 
tbem. The median pectoral swells when it contracts, signalizing the 
undulation a by its action; the great t>ectoral signalizestbe lowering of 
tbe wing in tlie undulation b inn similar manner. 

We can verify tbe correctness of tbis exiilanation by a very simple 
experiment. Anatomy shows us that the ipcdian jiectoral is narrow, and 
■ only covers tbe inner portion of the great pectoral along the keel of the 
sternum. So if we displace the little apparatus which reveals the motion 
of these muscles, and carrj' it further outward, it will occupy a region 
where the median i>ectoral does not cover the great pectoral, and the 
tracing only presents a simple undulation, which corresponds to 6 in tbe 
figures. 

It is, therefore, suflQcicntly demonstrated that the nndnlations a and 
b, in the niuscuhir tracings of tbe birds upon which I have experimented, 
correspond exactly to tbe principal elevating and depressing muscles of 
the wing ; but we cannot attach much importance to the form of these 
tracings for deducing the precise nature of the motion effected by the 
muscle. In fact, these motions appear tj} override one another. So the 
relaxation of tbe median pectoral is probably incomplete when the great 
pectoral commences to act. We should ex[)ect no more from these tracings 
thmi tbej' naturally furnish, that is to say, tbe number of vibrations of 
the wing, the greater or less regularity of its movements, the equality, 
inequality, and energy of each of tbem. Bestricting the inquiry within 
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these limits, the experitnenta show^tliat the strokes of the wings of birds 
differ ia frequency and amplitude in the different moments of Sight. 
At starting the strokes are fewer but more energetic ; they attain, alter 
the first two or tliree, a regular rhythm, wliicb they lose at the moment 
when the animal is about to alight. 

We shall find in other experiments more 
complete indications of the variation ^f the 
movements of the wing during the different 
periods of flight. 

Such are tlic certain indications which can be 
derived from the method of signalizing estab- 
lished between the flying bird and the regis- 
tering appnratus. But if it is wise to guard 
our conclusions by more rigorous experiments, 
it may at least bo permitted us to attempt 
to discover whether the tracings of these mus- 
cles cannot furnish ua with further informa- 
tion iu regard to the motions from which they 
are derived. I have elsewhere demonstrated 
that the form of the motion produced by a 
muscle when it ia excited varies according to 
the resistance which this motion encounters. 
Thus, iu applying tLe myograph to the mascle 
of a frog, I have seen that if contraction be 
impeded by an obstucle the duration of the 
muscular shock becomes greater on account of 
that obstacle. Theory, also, would foretell us, 
that if the muscle presents certain modifica- 
tions in the different phases of its contraction, 
tho result of unequal resistance overcome aC 
different periods, the swelling of the tnuscle 
should also present the same phases. If the 
tracing is the exact impression of the motions 
produced by the muscle, it can inform us of 
the nature of the resistance which the wingot 
the binl encounters in the different phases of 
; one of its vibrations. 

Let us take the most simple example. As 
'%~ the median pectoral and great pectoral are very 
l^^^i "*i*'l"'^' '" "'^^i ^^ ""^y suppose that if the 
IsiaS resistance is equal in the two periods of ele- 
« d o vation and depression, the duration of the for- 
a^pB.S mer would much exceed that of the latter; 
l-E^ll and, as exactly the contrary is the case, we 
I o g I may conclude that the rising wing does not 
o i 2 I. strike the air but cuts it, apparently with its 
■§3 5 edge, so that the resistance to the elevation 
^ ^ "^ ia very feeble, and is very strong to the de- 
.pression of the wing. Now, if we examine the tracing of the depression 
.of the wing we shall find there, within certain limits, the expression of 
the different amount of resistance which the wing encounters iu the dif- 
ferent phases of its depression. It is necessary by previous experiments 
to determine the effect of certain special kinds of resistance, which wo 
may call elastic resistance, in order to better understand the signiflea- 
tion of different forms of muscular motion. 
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Let na take the mascle of a frog, apply it tfl the myrogmph, and ex- 
cite coutraetion in it by means of electricitY. The form of tliia con- 
traction varies in the following manner, under the influence of different 
kinds of resistance opposed to the action of the muscle : If a weight 
be suspended to the muscle it gives the trneiug a, Fig. 21, If it en- 
counter an absolute obstacle to all further diminution of length, after 
a few instants of contraction it gives the trace b. Finally, if it encann- 
tera an elastic obstacle, as a rubber thread, which presents a surmonnt- 
ahle resistance, the muscle gives the cur^'e c. It seems us if these dif- 
ferent forms were sufficient to characterize the nature of the resistance 
that fhe contraction of the muscle has had to overcome. 

In the first case it is the inertia of a body ; now this body, submitted 
to the muscular force during a limited period, should have an aceeler- 
ated motion at drst and then a diminishing motion. This is precisely 
what the fonn of the curve a indicates. In the second case it is not 
necessary tA explain how the horizontal line which forms the summit of 
the curve b, expresses the cessation of all contraction in the presence of 
an absolute obstacle. La.stly, in the curve c, the presence of nn obstacle 
is betrayed by a, deflection of the curve; that is, by a change in the 
rapidity of the motion which protlnces it ; but the contraction does not 
cease because the obstacle is not insurmoantable, but it becomes slower 
on account of the greater resistance presented. 

I have been able to convince myself that in the above-mentioned 
experiments the swelling of the muscle presents the same phases as its 
change of length. Infact, I have transmitted to the myograph the mo- 
tion produced by the swelling of the muscle, and have obtaineal tracings 
identical with the preceding. Finally, wishing to know if the appara- 
tus which I have used would faithfully transmit the different phases of 
the swelling of muscle, I made the following exi>eriment : I applied 
the little drum which had served to obtain the tracings from the 
birds (Fig. 18) to my own biceps muscle, fixing it exactly in place by 
means of a bandage, and put it in communication with the registering 
apparatus. I then made sudden voluntarymotions, assimilar as I could 
make them to each other, but applied to overcome various forms of re- 
sistance. In one case I lifted a weight; in another my hand was abso- 
lutely arrested in upward motion by being placed beneath a heavy 
table; in still another I tied my hand to a fixed object with a rubber 
band which, by a short flexure of my fore-arm, re<juired the utmost 
efforts of the muscle to stretch it. 

Now the tracings Fig, 21. 

which express the 
swelling of the bi- 
ceps in these three 
experiments repro- 
duce the three types 
reiiresented in Fig. 
21, and show very 
clearly that volun- 
tary exertions had 
been subjected to 

different forms of resistance. I tried to force upon the muscles iden- 
tical motions in each case, which was always a short, -vigorous flexure, 
but the nature of the resistance modified these muscular actions which 
were intended to be similar to each other, and imparted to them the vari- 
ous phases and durations which are exhibited iu tlie figure. This being 
settled, let ua return to the muscniar tracing of the great pectoral of 
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the bird. I have said that the exact commcDcement of thin motion is 
Qudeterminecl, the elevator of the niiig not hivviog fiillcn into repose 
before the depressor commences to act, and if we wouhl represent the 
probable curve of the action of these two muscles from that which the 
myrograph obtains for us, it will be necessary for na to complete the 
tracing by mejins of 'lotted lines as in Fig. 22. 
Fig. 28. 



Trace of the action of a harrier daring flight : a, action of tlie eluTstiiif; mnscle ; t, of 
the depreBsiog miuu^le. The dotted litieA which descend \6 the azla of the curre oom- 
plote tlie prohablo fona of the motions of the tiro musclei of the wing. 

Thos reconstructed, the form of the curves of the elevator and de- 
pressor reveals the nature of the resistance which each of these mus- 
cles has encountered. The curve a of the median pectoral is that of a 
muscle acting on a- weight; it seems to indicate that tlio inertia of the 
wing is the only obstacle which the elevator muscle has to overcome. 
The curve b shows ns a deflection, during part of which the contraction 
of the mnscle take-s a6*lower motion; it is here that the resistance of 
the air is interposed. These things happen, then, exactly as in the 
experiments which 1 have made u|>on my own muscles and those of the 
frog. But you may ask why the deflection of the curve is not produced 
Booner; and if the depressor muscle can rapidly contract for a certain 
period bef<ore encountering sufBcient resistance from the air to impede 
its motion. This is Just what happens ; we have the proof of it in the 
anatomical disposition of the attachments uf the great pectoral muscle. 
We shall see hereafter how the motion of the humerus around its articula- 
tion is produced ; at present I will only say that in the first part of its 
action the great pectoral in contracting produces a pivot-Iiko motion of 
the wing upon the head of the humerus, and thiit in this first motion 
the muscle does not esperieuce the resistance of the air which retards 
its contraction an instant later. 

The reader will perhaps consider that an inordinate nnmber of de- 
ductions are made from the forms of the curves of the muscles; but 
those who will fauiilinrize themselves with the use of the registering 
apparatus, nud in [>articular with the myograph, will soon he convinced 
that chance does not enter into the formation of the curves, but that the 
details should find their explanation in the dynamic conditions of the 
production of muscular power. t 

Motiona executed by the wing of a bird during flight — We have seen, 
in regard to the mechanism of the flightof insects, that thefundamental 
exjieriment has been that which has shown the trajectory of the point of 
the wing ia each of its evolutions. The knowledge of the meclianism of 
flight flows, so to speak, naturally from this first idea. The same deter- 
miuatioD is equally indispensable for the flight of birds, but the optic 
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metbod is here inapplicable. The motion of a hird's wing, while too 
rapid to be followed by the eye, is not sufficiently rapid to form a 
persistent impression of its entire trajectory upon the retina. The 
graphic method, which I have hitherto employed, only furnishes 
impressions of motions which happen to follow a straight tine, and it is 
only by combiuing this rectilinear movement with the revolving cylinder 
with a smoked surface that the expression of the rapidity with which 
the motion is effected at each instant is obtaiuetl. 

The problem is to find the means of registering on an immovable 
plane all the motions which the point of a bird's wing makes in space, 
as if a style bad been placed at the end of the wintr, and this style 
traced or rubbed on a piece of paper by its side. It is still further 
necessary to have a figure of the same nature as the luminous figure of 
the gilded wing of an insect, that the piece of paper on which the trace 
is to be made shall remain motionless in reganl to the center of motion 
of the wing of the flying bird, or in eflect that it shall iollow the bird ia 
all its phases of impulsion through space. 

Now, physics teach us that all motion susceptible of registration in 
one plane can be generated by the rectangular combination of two 
rectilinear motions. The traciugs obtained by KtBnig by arming a 
vibrating Wheatstone'a rod with a style, the luminous figures of musical 
chords which M. Liss.iJou3 has produced by the refiection of a ray of 
light from two vibrating mirrors perpendicular to one another, are well 
known examples of the formation of a plane figure by means of two 
rectilinear movements. Thus, admitting that the motions of elevation 
and depression of the wing can be transmitted at one time, as well as 
the back and forward motions of thisorgiin, by supposing that a writing . 
style can simultaneously receive the impulse of these two motions, per- 
pendicular to each other, this point will write on the cylinder the exact 
figure of the motions of the bii-d's wing. I tried at first to construct an 
apparatus which would thus transmit such a motion to a distance and 
register it, witliout coiiceniing myself with the way iu which I might 
apply this rather weighty mechanism to the bird. 

Fig. 23 represents this provisional apparatus, the description of 
which is indispensable for the comprehension of the second mechanism, 
which 1 shall describe hereafter. tJi>on two solid feet, carrying vertical 
supports, are seen two horizontal arms parallel toeach other. Tliese are 
two aluminium levers which, by the transmitting apparattis to be 
described, should both execute the same motions. Each of these levers 
is mounted on a ball-and-socket Joint, or double articulation, which 
permits all kinds of motion ; thus each lever can he carried above, 
below, to the riglit or to the left. It can by it« point describe tbe base 
of a cone of which the joint will be the ai>ex. In fact, it will execute 
any kind of motion which the cxperimentor may choose to impart to it. 
It is also necessary to establish the transmission of motion from one 
lever to the other at a distance of ten or fifteen meters. This is done 
by means of a process with which the reader is already familiar — the use 
of drums and air tubes. 

The lever, which is seen at the left in the figure, is fastened by a 
metallic arm articulated at one of its extremities to the membrane of a 
drum placed below it. In the vertical motions of the lever the mem- 
brane of the drum rises or falls by turns, [»roducing a throbbing motion 
of the air in another drum through a long tube, which establishes a 
communication bet\ieen them. In the appsiratus to the right in the 
figure, the second drum is placed above the corresponding lever articu- 
lated with it, and faithfully transmits all the motions which have beea 
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imparted to the first dram to the left. These movements will be in the 
same direction in both levers on account of the inversion of the position 
of the drnms. If we depress the first lever it presses down the mem- 
biaoe of the drum below it, inducing a pressure which lifts the mem- 
brane of the second drum, and coDsequently lowers the secotid leVer 
conversely ; the elevatiou of the first lever produces an influx of air, 
which raises the membrane of the second lever. 



II 



Proceeding in the same manner to transmit motions in a horizontal 
plane, I have placed at the right of one of the levers and at the left of 
the other a drom with the membrane in a vertical plane, which imparts 
\ «s- Cockle 
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lateral motions to these levers. Tbese motions are transmitted by a 
special air-tnbe, as before. Id tbe appanitas tbus constrncted, if we 
move the end of one of the levers with the finger, the other lever will 
be seen to execute tlie name movements with perfect fidelity. The only 
difference consists io a Blight diniiimtioii of amplitnde. This happens 
becnnse the air contained io the tubes and drnms is slightly compressed, 
and in consecinence does not transmit the whole of the motiou which it 
receives. It is easy to reme^ly this defect, if it be one, by placing the 
ball-and-socket joint a little nearer the point whence the motion is 
transmitted to the second lever. But it is better not to attempt too 
great amplification, because the fViction is thus aagmeuted and the 
force which shonld overcome it is dimiuished. 

After having determined that the transmission of snch motion can he 
effected in a satisfactory manner by means of this apparatus, I have 
sought for the me^ns of tracing these movements upon a plain snrface. 
The difficulty which before presented itself, when I endeavored to apply 
the graphic method to the study of the wing-strokes of insecta, again 
appeared, but this time there was no means of eluding it, and I con- 
tented myself with partial tracings. The point of the second lever de- 
8cril>ed a spherical figure in space which could not be tangent, except as 
a point, to the smoked surface, which should receive the trace. In conse- 
quence, I should have to register the projection of this figure on the 
plaue. Iletmholtz had also encountered the same difficulty in the con- 
struction of hfs myograph, and had solved it by causing the point of 
the writing style to mb continually on the smoked surface by means of 
a weight. But as I could not attach a weight to the extremity of my 
lever, I resolved to the following expedient, shown at the end of the 
lever, in Fig. '2i. It is large at 

the base in order to resist all *^S* ^* 

lateral deviations from friction ; 
this base is fixed on a vertical 
piece of aluminium which is 
attached to the extremity of 
the lever. In this way the ,..■—"■ 

point of the contrivance, which 

performs the office of a style, is 

situated exactly opposite the q..--.::!!^ — ^^r=^=:z==^s^^ 
end of the lever whose motions 
it registers. If the lever be El-rti. point tn«:mgniH.n«mok*dKl«^ 
elevated and takes the position " ^ '- 1" k i « 

indicated by the dotted lines in Fig. 24, in traversing this space it has 
described the arc of a circle, and Its extremity will be no longer on the 
same plane as before, but the elasticity of the contrivance will have 
carried the point of the'style forward, and it will therefore continue to 
be in contact with the plane upon which it is tracing. Thus the lever 
elongates or shortens according as the case requires, and its point con- 
tinually rubs upon the plane. I should add that the surface upon which 
the tracings are received is of finely polished glass, and that the con- 
trivance which I have used is so delicate that the pressure which it 
exercises produces scarcely any friction. 

The apparatus being thus constructed, it mnst be snbmitted to verifi- 
cation, to ascertain whether the motions are faithfully transmitted and 
registered. To do this both levers of Fig. 23 are furnished with simi* 
lar styles, placed against the same smoked glass ; and moving one of 
the levers with the hand, for instance, so as to write my name, the 
other lever should reproduce the same signature. It frequently bap- 
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pens that the transtniBsioD is Dot equally good in both directions, which 
is perceptible by the deformity of the thmsmitted flg^tit^i which is io- 
creaaed more or less in height or breadth. This deficiency can always 
lie corrected, since it is due to the membrane of one of the drams being 
stretched more than that of the other, and hence yielding less easily t« 
presBore. It is very easy to equalize tjie tension by tightening the mem- 
brane of the other drum nntil the figure traced by the first lever is 
identical with that traced by the second. 

The modifications by means of which I have rendered this trans- 
mission applicable to the study of the motions of the wing of a fiying 
bird, are as follows: 

^ The apparatus 
'$ necessarily being 
S heavy, it required 
"g a large bird to carry 
^ it. Strong adult 

J~ harriers served for 
the experiments I 
S fixed a light strip 

* of wood opon the 

* bird's bacfe, npoD 

* which the appara- 
J tns was placed, by 
T means of a kind of 
S corset, which left 
"% the wings and feet 
I free. That the le- 
s ver might faithfully 
I execute the same 
■S motions as the 
S bird's wing, the 
I joint of the lever 
I should be placed 
-5 in contact with the 
■S humeral articula- 
^ tion of the harrier. 
^ As the presence of 
S the drums by the 
S side of the lever 
a does notpermit this 
" immediate contact, 
S I had recourse to a 
^ parallelogram, 
'i which transmitted 
gi to the lever of the 
% apparatus the 
h movements of a 

S" long ann of which 
the center of mo- 
tion was very close 
to the articulation of the bird's wing. Finally, to obtain an identity of 
motion between the arm and the harrier's wing, I fixed on the bastard ■ 
wing, that is to say, on the metacarpal portion of that organ, a well cut 
screw-vise, fumisheid with a ring, through which passed the steel arm 
of which I have just spoken. 
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Fi^. 25 represents the harrier flying with the apparatus in qnes- 
tioR ; below hang the tranamilting tubes of the registeriog a|)paratuB. 

Alter a great iiiaay fraitleas attempts and changes of constniction of 
the apparatus, which, being very fragile, broke at almost every flight of 
the bird, I stic^^edea in obtaining satisfactory results. During flight 
the registering lever described a kind of ellipse, bnt I was obliged to 
give np registering this figure upon a stationary ^ass. The motions 
of the wing differing at different moments of flight, the style did uot 
pass over the same poiuts, and I obtained a very confased tracing. I 
tlien resolved to use a glass moving horizontally at a uniform rata in 
order to obtain an extended figure, which I could afterward submit to 
a geometric correction, and thus obtained as it should be, if traced on a 
stationary surface, a flgure for each instant of flight. 

Figore 26 represents one of the numerous 
tracings which I have thus obtaiued. The per- 
fect uniformity of these tracings gives me en- 
tire confidence in their correctness. To ana- 
lyze the meaning of this curve, it is necessary u I 
to kuow how the bird flies, how the apparatus t ' 
is arranged, and in what direction the smoked 
glass moves while receiving the tracing. The | 
observer being placed opposite the glass, ou j 
the smoked side, sees it move from the right , 
to the left ; between the glass and himself is a ' 
tracing apparatus, with the lever rubbing upon S I 
the smoked surface directly in front of him. f 
The bird flying from right to left, in a plane ; 
parallel with that of the ^Inss, carries the lever ; 
of the apparatus on his right wing, so that the < 
■ re8i)ective levers of the two machines are al- \ 
ways parallel to each other. This being o I 
known, the traciug should be read from left o I 
to right. "We have seen that the tracing con- 5 | 
sists of a kind of ellipse, which the motion of « I 
the glass extends into a spiral. The move 1 I 
ments, more extended at the beginning of n | 
flight, gradually lose a little of their ampli- S- I 
tude, and retain a uniform character for some S | 
time. b- 

This figure somewhat resembles that which | 
we obtain from a Wbeatstone's rod, according 3 I 
to the unison which traces the ellipse which g. j 
its point describes upon a surface moving from r 
right to left. Fig. 27, showing the tracing t 
of this rod, a<lmit8 the comparison of the % 
two. ■ ■ 

The wing of a harrier thus describes a sort 01 
ellipse, but it is necessary to determioe more 
exactly its shape, and to correct theerror caused 
by the motion of the glass plate. 

Such a correction is impossible, unless we know the elevation attained 
by the wing at the end of successive and equal intervals of time. This 
once obtained, if we trace parallel horizontal lines representing the 
position of the wing at each of these successive moments, these lines 
will cut the descending curve at points which corre8i>ond to the succes- 
sive equal intervals of its course. It is clear that if these sncoessive 
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points of the cnrve have been protlucetl at equal intervals of time, each 
of tbem, under the inflaence of the motion of the glass plate, will have 
a coDBtant deviation toward the right, bearing a stated relation to the 
preceding i>oiut. The correction thus consists in carrying the second 
point back toward the left twice this amouut, the third point three times 
Fj„_ 27. ^'i'^ amount, and 
"' ' so oii. The ascend- 
ing portion of the 
curve should also be 
submitted to this 
correction, and sim- 
ilarly each part of 
the tracing. But it 
i B precisely t li e 
height which the 
wing attains in the 
, different ascendini' 

ElUp» traced by a WheatBtODrfB tod npon » turning cylinder, jj^j deSCCUding nio 
tions of its cotirse which we do not know; but this want cau be sup- 
plied by the apparatus in the following manner : 

Since the principle of this mechanism is founded upon the tranamission 
of two motions, perpendicular to each other, vertical and horizontal, it 
suffices to suppress the transmission of the horizontal motion to obtain 
the curve of elevation immediately ; that is to say, the expression of the 
height of the wing at each instant of its course. For this 1 obstruct the 
tube of lateral transmission, let the bii-d tiy, and obtain the cnrve of the 
heights of the wing at each moment. 

^e correction being made, and Fig. 26 being selected to show the 
coarse of the point of the wing during one of its evolutions, and pi-o- 
jected upon a stationary plane, we obtain Fig. 2S. 

Via 28. ^''* arrows indicate the direction in which the wing 

moves. 

Is this the form characteristic of all birds; or is it 
only that of the barrier, in the conditions of flight 
in which it has been placed t 

The last supposition appears to be the most prob- 
able ; we can see, even while comparing the form of 
tlie tracing at different instants of its flight while 
under experiment, that the ellipse is greater and more 
open in the first strokes of the wing than in the last. 
It is, however, necessary to except the second stroke 
of the wing, which has given me a narrower ellipse 
coanr In ■?«« ot the than any other, in all the experiments which I have 
SSS"^if the "iMtiSn'rf made. I do not know to what this siiecial form is to 
u>e wrd. be attributed, but have thought it worth while to men- 

tion it on account of its constancy. 

0/ the rotation of the humerug and the changes of the plane in the wing 
during flight. — The wing of a binl, like that of an insect, must meet 
with a Buflicient resistance from the air in its motion upward and down- 
ward to incline its flexible portion, namely, that which forms the webs 
and coverts. Tins cause does produce a change of the plane of tlie 
wing, bat there is another even more powerful, for it places the wing at 
the ontset of the depressing motion in a favorable position for the d juble 
propulsion which is produced. I refer to the pivot motion which the 
hamerus executes around its axis at each contraction of the great pec- 
toral. It is enough to examine the bony crest on which the large tendou 
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of the great pectoral U inserted, and to coDBider that this crest is situ* 
at«d on the anterior edge of the hamenis, to comprehend that the action 
of the great pectoral, ivhose tlhers are carried backward and downward, 
should produce a rotary motion of the humeniB around its longitudinal 
axis. The conformation of the hnmeral articulation is perfectly adapted 
to this motion. Finally, the existence of this rotation is rendered still 
more oecesBary by the resistance wbich the air presents to the back of 
the wing and opposes to the descent of its feathered portion. We can 
demonstrate the existence of this motion and measure its extent by 
means 6{ the registering apparatus. But I have thought it best to defer 
these researches, especially as tliey necessitate the conatnictiou of spe- 
cial apparatus, which would require numerous experiments, and would 
produce, after all, residts of very slight importance. In fact, we are 
enabled to deduce from the attachment of the muscles the nature of 
the motion which they produce, and this deduction is especially easy. 

I have always sought to verify the existence of tliis rotary motion of 
the humerus, and to measure its extent, by the application of electricity 
to the muscles of the bird. In the experiment for measuring the static 
power developed by the contraction of the great pectoral muscle, previ- 
ously described, I noticed that at each excitement of this muscle the 
humerus execnteil a rotary motion npon its axis. I fixed in the humeras 
a rod, perpendicular to its axis, und was enabled, by the angle formed 
by the two jwsitioDS of this rod, to demonstrate that the rotation in the 
harrier corresponded to an angle of thirty-five or forty degrees. It 
seemed that the limits of this angle were fixed by the attachments of 
the median and great pectoral muscles. If traction be exerted ujwn 
the two antagonistic muscles of a newly dissected bird, it will be seen 
that the median pectoral raises this member- so that its upper face is 
tamed somewhat backward. The action of the great pectoral changes 
this position of the wing completely, and carries its upper face strongly 
upward and even a little forward. These expressions, upward and 
downward, are relative to a plane cutting the bird into a dorsal and a 
ventral half; but this plane, doubtless, is not entirely parallel with the 
horizon during flight. But it is certain that the resistance of the air 
should give a mneh more pronounced deflection to the feathers duriag 
the more rapid descent of the wing. 

The most difficult to measure of the inflnences which change the piano 
of the bird's wing is that which relates to the pressure of the air on the 
feathers. Perhaps it may not be impossible to devise an apparatus 
capable of measuring it, but it so varies with the variations of the 
velocity with which ttie wing is lowered, that any measnrenient which 
might be obtained would be only the expressiou of a particular case. 
It is very probable, on the contrary, that the change of plane due to the 
action of the pectoral muscles is a much more constant phenomenon. 
We can infer the action of the two motions of the bird's wing from what 
has been said of the mechanism of the flight of insects. It is evident 
that the descent of the wing will have the double efiect of raising the 
bird and of imparting to it a horizontal motion. As to the ascent of the 
wing, its oflice cannot be the same, because the imbrication of the 
feathers does not ofler a resistant suri'ace to the air. 

Everything tends to show that the ascending wing cnts the air with 
its anterior edge, bnt, as we shall see, another phenomenon occurs which 
uplifts the body of the bird during the elevation of the wing; this is 
the transformation of the impulse which the bird has acquired duriu^; 
the lowering of the wing. This impulse is changed in rising, by a mech- 
anism analogous to that which raises the toy kite. 
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In a remarkable study of the flight of birds, M. Liais bi;s been led, 
through obsen'ation and deductiou, to adopt this theory, to which the 
experiments about to be described, I trust, will add new proofs iu its 
favor. 

Before leaving the subject, it is iiecessary to mention tlie existence of 
certain other motions in the flight of small birds. I refer to the folding 
and unfolding of tlie wings. But the existence of these motions does 
not seem to be constant, and the eye cannot perceive the least trace of 
them during the flight of the large birds npon which I have experi- 
mented. I shall, therefore, omit the study of these motions, and of their 
possible effects, and restrict my conclusions on the mechanism of flight 
to a certain number of determinate species of hii'ds. 

The study of the motions of the wings of birds during flight necessa- 
rily includes the efliect produced by eaeh of these movementa. We are 
tempted to deduce these effects from the nature of the motions which 
generate them, but it is safer to obtain the solution of this complicat- 1 
problem from experimeut Two distinct effects are produced during 
flight : first, the bird is upheld agaiust the force of gravity ; second, it 
Is propelled horizontally. Is the bird iu the air sustained at a constant 
elevation, or is it rather subject to oscillations iu the vertical planef 
Does it not exhibit, by Ihe intermittent effect of the strokes of its wings, a 
series of ascents and descents, the frequency and extent of which can- 
not be observed by the eye 1 Is not the bird also subjected to a varia- 
ble velocity in its horizontal coursel Does it not receive a jerking 
motion from the action of its wings f These questions can be solved by 
experiment, in the following manner : Since we possess the means by 
which distant motions produced by pressure exerted upon a drum filled 
with air are made to record themselves, we must seek to connect the 
movements which we would study with a pressure of this kind. The 
oscillations which the bird executes iu the vertical plane should be made 
to prodnco alternately strong or feeble pressure on tbe membrane of the 
drum, according as the bird rises or falls. The same should be done in 
seeking the variations of its horizontal velocity. Suppose that a flying 
bird carries npon its baek a light metallic drum, like the one already 
described ; that tbe membrane of this drum be tnrned upward, and that 
this instrument be put iu communication with the registering appara- 
tus by means of a long tube. If the membrane of the drum freely par- 
takes of the motions of the bird it will not produce any displacement of 
the air in the apparatus, and the registering lever will remain motion- 
less. But if we prevent the membrane from partaking of all the. motions 
of tho bird, if we can give it a tendency to remain at rest while the 
drum is moved, motion will be produced in tbe air with which the drum 
is filled, and the signals will be registered by the lever. Kow, we can 
protlnce this tendency to remain at rest upon the membrane by loading 
it with an inert body, such as a disk of lead. 

Fig. 29 shows the drum with an inert mass npon its membrane. 
This mass is formed of disks of lead, of which a certain number can be 
added or taken off, until the apparatus responds satisfactorily to the 
motions of vertical oscillation imparted to it. In this arrangement the 
movements in the horizontal plane are without influence upon the appa- 
ratus. If the drum is suddenly raised, the inert body, not participat- 
ing in this elevation, depresses the membrane exactly as if the mass 
itself bad lieen depressed, and the drum had remained motionless. Con- 
versely, when the drum descends, the inertia of the mass resists the 
motion, as if it or the membrane bad been raised and the dram bad 
remained motionless. We mat remark that the movement of the lever 

Coo'^Fc 



280 PHENOMENA OF FLIGHT IK THE ANIUAL EOfGDOH. 

is ID tbe same direction as that of tbe dram ; that is to say, if tbe dram 
be raised, the lerer also raises itself. It may happen, with an apparatus 
of this kind, that in the motion of the wings nibbing may be produced 
on the membrane of tbe drnm, which will make confusion in tbe signals. 
To avoid this I cover the upper part of the apparatus with a metallic 



network, as seen in Fig. 29. The dram is there represented in the 
hand, held by the transmitting tube connecting with the registering 
apparatus. If the drum is moved in tbe vertical plane, tbe lever is seen 
to move in tbe same direction, at the same instant of time, and with uii 
Tilitnde proportionate to the motions of the band. If, on the con- 
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trary, we give the tnase a lateral motion, no effect is produced npon the 
lever, and no &igaa,\ is made. But it may be said that an inert mass 
placed on an elastic membrane tends to execute vibrations peculiar to 
itself, and that the apparatus will transmit these vibrations of the mass 
of lead and the membrane which carries it independently of the oscilla- 
tions of the bird. How shall we get rid of this complication t The law of 
vibrations teaches us that the duration of the double period of each of 
them varies with the weight of the vibrating body, and with the elastic 
force of the lamina which carries it. The greater the mass, and the 
feebler the elasticity, the longer will be the period of ^-ibration. Now, 
the motions which we are studying are rather frequent, some birds 
making eight or ten strokes of the wing per second. If we arrange it so 
that the period of oscillation of the mass of lead itself is much longer 
than that of the bird, we shall no longer be troubled hy the complica- 
tion of these interfering motions. By employing a heavier mass and a 
less tense membrane, a good tmnsmissiou of motions, which are not t^o 
slow, may be obtained, for instance, such as last less than half a second. 
It is not necessary, either, that the instrument should be applied to the 
study of the oscillations of all species of birds. 

But to make sure of the accuracy of the apparatus it should be veri- 
fied by the method much like that which I have used to correct all my 
apparatus. This consists iu making, directly hy hand, the tracing of 
the motion which I have imparted to the weighted drum, and observing 
whether the registered motion was the same as the hrst. 

Experiments made upon different kinds of birds, ducks, harriers, hen- 
bawks, and owls, have shown me that, in relation to the intensity of the 
oscillations in the vertical plane, very varied types of flight exist. 

Figure 30 shows tracings, furnished by different kinds of birds, upon 
a cylinder turning at a uniform rate, and contrasted with a tracing pro- 
duced by a tuning-fork making 100 vibrations per second. These 
tracings enable us to estimate the absolute and relative duration of the 
oscillations of Sight in these different birds. It follows from these 
figures that the frequency and amplitude of the vertical oscillations vary 
a good deal with the kind of bird under consideration. 

To better comprehend the cause of these variations, let us register at 
tlie same time the vertical oscillations of the bird and the action of the 
muscles of its wing. If we make this double experiment upon two birds, 
differing iu their manner of flying, such as the wild duck and the har- 
rier, the tracings represented hy Fig. 31 will he obtained. 

The duck presents two energetic oscillations at each revolution of its 
wing; the one at b, at the moment when the wing relaxes, is easily 
understood ; the other, at a, at the moment when the wing rises. 1^ 
explain the ascension of the bird, during the time of elevation of the 
wing, it seems to me indispensable to call in the action of the boy's kite, 
previously alluded to. The bird, moving forward with acquired velocity, 
presents its wings to the air in an inclined position, similar to that of 
the kite, and thus transforms its horizontal force into an ascending one. 

The flight of the barrier presents the ascension which accompanies the 
elevation of the wing, in a smaller degree. May not the cause of this 
ilifference be recognized as a smaller relative inclination of the wing 
toward the horizon f 

Determination of the different phiuea of the evolution of the tcing, to which 
the vertical ogeillatioTU correspoitd. — The interpretation of these curves 
throws light at once upon the experiments made on the variations of the 
transformation of velocity in the bird, at different moments, during 
the evolution of the wing. CdoqIc 
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Fig. 30. Line 1. ChronoRraphie trace of a tnnine-fork, T.jratinfr 100 times a Mcond; 
S. Verticnl oscillatioDS of the will! duck during fli|{ht. 3. OacillatioiiB of the ben-h«vrk. 
4. Of tlie 8creecb-owl; and 5, of the barrier. 



iMy'Googlc 



PHENOMENA OP PLIGHT IN THE ANIMAL KINGDOM. 283 

Bnt, before going ftirther, we may remark that tlie preceding experi- 
ment furnishes a very precioas lesson in the theory of flight. lu fact, if 
the hird executes a series of aacenta and descents, the duration of the 
descending period will approximately inform as of the amount of the 
positive work which the bird mast perform to rise again to the height 
from which it fell, and we see that the duck, which makes nine vibra- 
tioua of the wing per second, executes two vertical oscillations during 

Fig. 31. 



In the upper half ia seen enperpoBod the mnacular tracing, and that of the vortical 
osciUatious In a wild duck. Below the undulation a, whuih mdicntes the Pluvntion of 
fbe wing, is &e«n a vertical oscillation; and another, below b, nbicli indicatea r.he low- 
ering or the win);;. In the lower portion are the etune traoiugs obtained fiorii u barrier; 
here theoMillation At a, wbicbcorrespoudti to the elevation of the niug, is less marked 
than in the duck. 

each vibration, or eighteen in a second. Each oscillation is composed 
of a rise and fall, so that each descent of the bird cannot last more than 
one thirty-sixth of a second, Sow, if we substract the effect produced 
(as in a parachute) by the outspread wings of the bird, we find that a 
body which falls during one thirty -sixth of a second tmverses onlyflfty- 
two millimeters. This fall repeated eighteen times a second constitutes 
a total rise of 9.3G centimeters, necessary to maintain the binl in the 
6ame horizontal plane duriug one second. 

In the tracing of the barrier, the descents are less than in the wild 
duck, probably on account of the large suri'ace of the wings of this bird. 

Determinatuya oj the variatioiu of the rapidity of flight. — The second 
qaeatioQ to be solved relates to the determination of tlie various phases 
of rapidity of flight. The solution can be found in the following man- 
ner: If the weighted drum be placed upon the bird's back in a vertical 
plane perpendicular to the direction of Sight, it will be insensible to 
Terticul oscillatious, and will only indicate those of forward and back- 
ward; also, by turning the membrane of the drum forward it is clear 
tiat if the advance of the bird is accelerated, the retardation of the 
weight on the translation of the apparatus will produce a crowding of 
the air in the second drum, and an elevation of the registering lever, 
while a relaxation of the effort of the bird will bring about a desceotof 
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the registeriDg lever. EsperimeDts opon the kinds of birds preiionsly 
mentiooed furnish tracings analogous to those of the vertical oscilla- 
tions. If it is true, as I suppose, that the vertical oscillatiou of the 
bird at the moment of raising the wing be due to the upward trans- 
formation of velocity, by obtaining, simultaneously, tiie tracing of the 
vertical oscillations and those of the variations of velocity, we shall 
have the means of confirming this theory. When obtaining at one 
time the two kinds of oscillations in the flight of a barrier, I have seen 
that the phase of descent of the wing resulted both in the elevation ot 
the bird and the acceleration of its speed. This efifect is the necessary 
consequence of the inclination of the plane of the wing at the moment 
of its descent, as we have previously shown in the flight of insects. As 
for the phase of elevation of the wing, it is proved that during the 
slight ascension which it produces the speed of the bird is diminisbed. 
In fact, the curve of the variations of rapidity falls as soon as the bird 
begins to rise. This is, then, a condrmatton of the previously suggested 
theory of the upward transformation of the speed of birds. Thus by 
this mechanism the descending stroke of the wing creates the force 
which produces the two oscillations of the bird iu the vertical plane. 
The downward stroke directly produces the ascent which is synchro- 
noos with it, and indirectly by creating the velocity which' prepares for 
the second vertical oscillation. 

Simultaneoug tracing of the two JcinSa of oscillation of the bird. — Instead 
of representing each kind of oscillation separately, I have thought that 
it wotUd be more instructive to obtain a single line which, by its curves, 
Bboutd represent both of the movements which the body of the bird 
execates in its course through space. The method which has been used 
to obtain the curve of the point of the wing, with some modtficatioos cao 
be made to furnish a simultaneous tracing of both kinds of motion. 
For this both drums must be connected with the same inert mass, and 
placed at right angles to each other. Turning back to Fig. 23, which 
shows the two levers connected by tubes which transmit to the one all 
the motions executed by the other, when any motion is imparted to the 
flrst lever, the second lever reproduces the same motion in the same 
direction. Now, let us charge one of the levers with a mass of lead, 
and, taking the support of the apparatus in the baud, make it descritte 
some motion in a ]>]atie perpendicular to the direction of the lever. We 
see that the lever No. 2 executes directly opposite movements. Id 
fact, since the motive force which acts on the membranes of the drums 
is simply the inertia of the mass of lead, and since this mass is always 
behind the motion given to the apparatus, it is clear that if the whole 
be raised the mass will keep the lever down ; if the whole be towered, 
the mass will raise the lever ; if it be carried forwanl, the mass will hold 
back the lever, &c. Now, the second lever, executing the same motions 
as the flrst, will give curves which are directly the opposite of the mo- 
tion which has been given to the support of the apparatus. This being 
settled, DOW for the experiment : For this I take the apparatus repre- 
sented on the back of the harrier in Fig. 25; I remove the rod which 
receives the motion of the wing, and the parallelogram which transmits 
it to the lever. I keep only the lever connected with the two drums and 
the mounting which attaches it to the bird's back. I fix a mass of lead 
on this lever and let the animal fly. The tracing obtaiued is repre- 
sented by Fig. 33. 

The analysis of this curve is at first sight extremely difflcalt. I hope, 
however, to succeed in showing its signification. It is traced on the 
cylinder under the same conditions as Fig. 2tt, showing the, different 
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motions of the point of the wing. The glass plate moves ttom the right 
to the left ; the tracing is read from left to right. 'Hie bead of the 
bird is toward the left ; this Sight is in the direction of the arrow. 
We can divide this figare by vertical lines passing ttirongh homologoos 
points, cutting it either at the top of the loops or at the summit of the 
simple curves, as represented at the points a and e. Each of these divi- 
sions incloses similar elements, although their.development is unequal in 
dififerent parts of the figure. For the present we shall neglect these 
details. 

It is evident that the periodical return of similar forms corresponds 
to a return of the same phases in an evolution of the bird's wing. The 
division a e thus represents the ditfereat m9tions of the bird during an 
alar evolution. 

Let us recollect that in the curve which we are analyzing all the mo- 
tions are the reverse of those which the bird really executes. The two 
vertical oscillations, the great and the small, should then berepresented 
by two downward curves. It is easy to recognize them in the great 
curve abo and the small curve cde. Thus the bird rises from atob, falls 
&oin btoc, again rises irom otod, and re-descends Irom d to e ; but these 
oscillations encroach on each other, producing the loop c d. The oscilla- 
tion cde partly covers the first anteriorly. This is a proof that the indica- 
tions of the curve are the reverse of the true motion ; for, at this 
moment, the bird recedes, or, at least, relaxes its course. As the appa- 
ratus is only sensible of changes of velocity, it is clear that the traciog 
does not take the uniform rapidity of the bird into account, but indi- 
' cates acceleration as a forward movement and retardation as a retro- 
grade movement. This figure, then, sums up all the precediug experi- 
ments which we have made on the motions of the bin) in space. It is 
here seen that the bird at each evolution of its wings rises and falls 
twice, successively ; that these oscillations are uneqaal; the larger, as 
we know, corresponding to the depression of tlie wing, the smaller to 
its elevation. It is also seen that the ascent of the bird during the 
raising of the wings is accompanied by a retardation of its speed, which 
justifies the theory by which this ascent has been considered as made 
at the expense of the bird's acquired velocity. But this is not all; this 
curve also shows as that the motions of the bird are not the same at 
the beginning and end of flight. We have s^en already (Fig. 20) 
that the first strokes are more extended than the others; we now see 
that at first — that is, at the left of the flgnre^-the oscillations produced 
by the descent of the wing are also more extended. But theory fore- 
told that the oscillation of the elevation of the wing being derived from 
the acquired speed of the bird should be very feeble at the beginning 
of flight when the animal has acquired but little impetus. The figure 
shows us that this does happen, and that at the beginning of flight the 
second .oscillation {which forms the loop) is very insignificant. 

At last, then, we are in possession of the principal facts upon which 
the study of the mechanical power developed by the bird during flight 
can be established, and we see that it is during the descent of the wing 
that the entire motive force which sustains and directs the bird in space 
is created. 
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THE NORTHERN SEAS. 



By U. Babiket, of li« Joodoijr i/ Baaam. 



[TtmtiataA far Hit SMtOMafM fiutlfvdiM.] 

Thanks to modem voyages, particularly since the many and praise- 
wortliy expeditiona ia search of Sir John Franklia, we have to^ay the 
aaanrauce that the arctic pole la sarroaoded by a narrow and conttna- 
ons sea, bounded on one aide by the eternally congealed polar space, 
and on the other by Northern Europe, Siberia, or Northern Asia, and 
lastly all of America in the higher latitudes. A navigator starting &om 
Dnnkirh, on the meridian of Paris, might proceed straight to the pole 
without eacoQutering land, but stopped by the never melted barrier oif 
ice : if he turned to the right toward the east, he would leav« to the left 
and north Spitzbergen, and to the lefli and south, North Cape. Passing 
over the White Sea, he would leave the Polar Sea of Europe at Nova 
Zembis ; then coasting along Siberia, he would come into the somewhat 
less contracted basin beyond Behring's Strait. Then passing along 
Northern America, and descending considerably in latitude, he would * 
at last arrive at Lancaster Souud, through which the Americau Polar 
Sea empties iuto the great canal, separating Greenland from the New 
World. There the navigator would be obliged to descend greatly to- 
ward the south, iu order to attain the point of Greenland, after having 
traversed almost the ^tire polar circle. After passing tnrough Davis 
Strait he would enter the l»8in between Europe and America, termi- 
nating the northern Atlantic, which has for its limits Labrador, New- 
foundland, Great Bri^n, Norway, the polar circle, Iceland, and lastly 
Cape Farewell, at the extremity of Greenland. This northern basin <»r 
the Atlantic, which communicates at the east and west with the glacial 
eeaa, has for companion and analogue the northern part of the Pacific 
Ocean, enclosed by Kamtchatka, Behring's Strait, Knssian and 
British America. It is not fully determined whether the Pacitlc sends 
through Behring's Strait a current of temperate water into the 
American glacial sea, as the Atlantic does to the glacial sea of the Old 
World, throagh the ]>as8age separating Cape North from Spitzbergen. 
As to the existence of a current, following the course we have just 
described as pursued by the imaginary navigator, compassing the 
polar regions and moving always to the east, it is an undoubted fact, it 
seems to me, and at the seasons when the maritime regions traversed 
by this current ue fivzen, it nevertheless continues its course nuder the 
ice. It shonld be observed that a similar current flows from the west 
toward the east, making the circuit of the other pole of the earth ; but 
as the domain of the latter consists entirely of shoreless seas, it follows 
it« coarse without interruption toward the eaat, and accomplishes its 
revolution without change of distance ftom the pole, its direction un- 
altered by projections of land, like that of Greenland, which greatly 
complicate the mechanical circumstances, and modify the conrse of the 
two great oceanic rivers (au expression of Homer) which I have added 
to the five great currents noticed in the admirable work of M. Dnpeuy c& 
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onr inatitnte, and confirmed by tlie map of M. Findlay, published in 
England in the Journal of the Royal Geographical Society. 

The northern basin of the Atlantic is, aa I have jnat Baid, entirely 
analogous to the northern basin of the Pacific. The whale, the seal, the 
porpoise, and fisheries in general, attract the same European and 
American navigators. The warmcurrents, ascending from the equator, 
produce upon the eastern and western shores of each the same climate 
and the same vegetation. 

Upper California and Oregon rival Western Europe, and when the 
hardy settlers of the Anglo-Saxon race have peopled the more northern 
shore of the Pacific basin, it will eqaal the Norwegian coast, where, 
according to Horace, 



" Where rich Scandinavia catches herring for the whole world." One of 
our stat«8men has predicted that here will be the seat of civilization ib 
1957. 

M. Anigo has often said, quoting Napoleon I, that the most powerful 
of all rhetorical figures is repetition. I therefore repeat what I have 
written before, that the superiority of norttiem climates over those of 
the south is due to the fact, that almost all the temperate water of the 
great warm current of the equatorial region ascends to the north, as in 
the Atlantic, by theGnlf Stream, giving to Norway the rich culture which 
was the admiration of the obser\'ers of La Beine Uortense in 1856, and to 
Oregon thegiantsof the vegetable world, trees of 100 metres (330 feet) in 
height. Look at the map of M. Duperrey, who has discovered one of the 
three currents which carry the warm water of the equator to the south. 
Observe those three currents, that of the Indian Ocean, the South Pa- 
cific, aud AustrtUia; mark the small amount of water carried by them 
only )^ short distance from the equator toward the antarctic pole, while 
the two great aud powerful currents of the Atlantic and of the northern 
Pacific take from the equator even almost the entire mass of water of 
the warm current encircling the intertropical world, to transport it to 
latitudes in onr hemisphei'C eqnal or superior to those of the north of 
Scotland. 

Notwithstanding the contents of many original memoirs tipon the 
question of the excess of temperature of the northern over the southern 
hemisphere, what a display the world of compilers still make of worn- 
out lumber, of sui)erannnated opinions, relative to the causes which 
render onr latitudes immensely sui)erior in climate to those of the south. 
We complain of the inadequacy of literary criticism in our day, but 
what may not be said of scientific criticism, when we see the finest minds 
led by the best accredited works, iu ignorance of the actual state of 
science, to repeat the echoes of the meteorological data of ISOO I 

These preliminary remarks were necessary to show the importance of 
all investigations made, or to be made, in the northern basin of the At- 
lantic. The fishers of the Scandiuaviau shores, and the whaling expe- 
ditions to Newfoundland, and the seas separating Greenland from 
America, follow routes so uniform, and deviate so little from the line 
leading directly to the scene of their labors, that one is surprised at the 
iu completeness oftherccordsof theirfreqnent passages. They workfor 
money, not for science ; the field is therefore open to more disinterested 
explorers, aud it is astonishing how much more information may t>e ob- 
tained from a single expedition of an intelligent tourist, than from the 
periodical einignition aud return of the seamen of commercial Europe. 

C.oo^lc 
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Theshortvoyageof PriDceNapoleoDstandB first perhaps in importaoce 
for facts collected on oar polar seas. Claude has said that oot to be boni 
a king is to be a fool. It is at least a great mistake for an explorer not 
to be a prince. The working force, intellectual and jiersonai, of the great 
astroDomical observatories isspoken of as thatofafall of water or a steam- 
engine : may we not iu a like manner calculate bow many facts, observa- 
tions, drawings, and specimens of alt kinds could be collected in a short 
time by an intelligent leader, with a select corxm of seamen and scientists, 
aided by every desirable means and commanding circumstances, rather 
than being controlled by them 1 An immense volume of eight hundred 
pages in which there is nothing superfluous, scarcely suffices to contain 
the results of the rapid excursion of 1856. The archeological, descrip- 
tive, political and economical parts of the observations find no place in 
Ibis volume, although they should have been included in its records. If 
to this already very voluminous record could be added an accurate de- 
scription of the rich collections brought back by the expedition, a num- 
ber of curious facts might still be drained from it, and valuable samples 
given of the harvests ready to be reaped by local collectors or future 
travelers. 

The pnblication describing the expedition of La Beine Hortcnse to 
the northern seas is divided into two distinct parts. The first consists 
of a rapid and sprightly narration of the events of the voyage from the 
oil mines of England to the country of Scottish clans; then to Iceland, 
Jan Mayen and Spitsbergen, to Greenland, the Faroe and Shetland Is- 
lands, and lastly to the Scanuinavian shores. A distance of twelve tboa- 
sand miles, accomplished in three or four months, is reviewed by the 
reader in six hundred pages. Then follow some scientific notices, in small 
text, which I think may be considered very valuable acquisitions to the 
knowledge of the globe. The nautical record of M. Du Buiason, and the 
geological reports of MM. Chancourtois and Fem-Pisqani, are especially 
remarkable for the number and interest of the scientific obserx'ations 
they contain. I observe with pleasure that the last mentioned of the 
three authors named has not fallen short of the estimate I formed of his 
capacity, as we discussed together the future labors of the expedition, 
and when be was not yet before the public. With the mention of JIM. 
De La Ronci^re, Laroche-Poncid, and others who have not contributed to 
this volume, but whose observations are not less valuable than those of 
the authors of the scientific notices, it is evident that with a minimum 
of time the members of this expedition have accomplished a maximum 
of useful labor. It is a matter of regret that an especial article, among 
these excellent notices, had not been devoted to the magnetical observa- 
tions, bnt they undoubtedly will be published hereafter. It is hardly neces- 
sary to say, that I will adhere to these scientific notices in what I am 
abont to say concerning the voyage of La Heine Hortense in the north- 
em seas, and two English publications relative to those regions. 

In regard to the currents of the ocean, several facts previously indi- 
cated have been confirmed by this expedition, bat in a question so com- 
plicated and so debated very definite information is required. We see 
the warm current leave America, pass below Newfoundland, and arrive 
at Norway, after coasting along the south of Ireland, and passing through 
the groups of the Fapoe and Shetland Islands. This benevolent dispen- 
sation of the tropical seas then proceeds northward, and at the latitude 
of Upper Scanduiavia divides into two parts. One naif we shall not fol- 
low far ; it passes into the glacial seas of Europe and Siberia, of which 
it somewhat nutdifies the climate. The other ascends, or did ascend two 
centnries ago, to Spitzbergen, and renders that region habitable by bears, 
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neaia, porpoises, and whales ; tlien this part of the Qalf Stream torna to 
the left, descends towanl Jan Mayen and Iceland, and passes between 
the latter island and the eastern shore of G^reenland. By this return 
current floating wood is carried trom the Oulf of Mexico and stranded 
upon the northern shore of Iceland ; a deserted ship seen twice by the 
exitedition proved its direction and rapidity, which coasting along the 
eastern shore of Greenland it also briugs to Iceland large fields of ice, de- 
tached from the belt which renders the island of Jan Mayen inaccesaible, 
and perhaps extends to Spitzbergen. This gloomy bordering of ice, which 
prevents the mariner from approaching the shore to which it adheres, is 
called " fast" or land ice, the debris broken off by the waves or by storms 
forms the field ice; which is generally not very thick, and the salt wa- 
ter of which it is composed loses somewhat of its saline properties 
In solidifying. The icebergs have an entirely different origin, they are 
the offepring of the glaciers, and are exclusively formed of fresh water. 
Tbey are often several hnudred feet in height, only about an eighth of 
which appears above the surface of the water some of them are almost a 
thousand feet in diameter and are the most formidable moving masses 
to be found in nature. These flotillas of ice mountains are principally 
encountered in the arm of the sea separating Greenland from America. 
Tbey descend with the current which passes through Davis Strait, and 
are snnk so deeply into the sea that very often they are carried by the 
cnrrent against the wind. It is a singular spectacle to see tlie berg ad- 
vance contrary to the superficial current produced by the action of the 
wind, which the English call the " drift." There is a kind of eddy, formed 
by the current descending Davis Strait, which eddy or counter-current 
ascends northward along the west coast of Greenland, and here may be 
seen many of these floating mountains whirling about. It may redtlily 
be conceived that these enormous masses, borne southward by the cur* 
rent, would not melt before reaching the route pursued by the transat- 
lantic steamers between New York and England. They are the terror of 
captains and passengers. A sailor is constantly on the watch, and at 
regular intervals calls out to the captain " No icebergs, sir." The loss 
of many large vessels, which have suddenly disappeared, with no indi- 
cation of a storm at the time, has been justly attributed to these float- 
ing rocks, which no marine chart can record. It is a difficult matter to 
saU clear of an iceberg in foggy weather. From the observations taken by 
the expedition of La Keine Uortense, relative to the course of the desert- 
ed vessel, which floated round the southern point of Greenland, and was 
stranded in one of the bays on the west coast of that country, tbtlowing 
the eddy formed by the current from Davis Strait, I should Judge that 
fit. Duperrey and M. Finlay carry the Gulf Stream too far below Iceland, 
extending too much the counter-current between that island and Green- 
land, for according to their charts the disabled vessel descended aoutb- 
ward entirely oat of the latitudes of the land ice, near which it was first 
seen. 

If yoa were to open the memou- of Dr. Bink, of Copenhagen, page 145- 
of the twenty-third volume of the Koyal Geographical Society, yon would 
see there represented frozen rivers emptying into the sea, deep valleys 
filled with ice, like oar Alpine glaciers. When these masses of ice, im- 
pelled by an irresistible force, which causes them to flow like ductile 
metal, are no longer sustained by the land and project out into the sea, 
they break off with a loud noise and thus nature forms her icebergs. _ 
One of these fragments, says Dr. Rink, if stranded on the shore would ' 
form a mountain over a hundred feet high. The explorers of La Beine 
Hortense saw some three times the height of Mount Vttl^rien aboTO the 
19 8 C^.OO'^FC 
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Seine. Imftgine tliat mountain, seen in perspective by the gay promen- 
aders of the Boifl de Boulogne, a mass of hard and compact ice, aiid some 
faint conception may be formed of these Heating giants, whicli descend 
Davis Straittoward Newfoundland and the United States. I say this ice 
is bard and compact. La Keiue Hortense tried cannon balls upon some 
of the impudent little bergs, which paraded before her, without in the 
least disturbing their proihenade. Just as in ghostly legends a spectre, 
shot through the heart, says coolly to his ti'cmbling antagonist " Fire 
away." 

The expedition set the good example of throwing int« the sea blocks 
of wwkI, with a bole iu them, containing a vial with a paper inclosed, 
on which was recorded the date and the geographical poaitloD of the 
place where the bottle was dropped. Several of these indicators have 
been picked up and transmitted to the French admiralty, with the date 
and place of their landing. To test the current flowiogtoward the east 
and passing along Siberia, a number of these bottles should be tbrown 
into the strait which, eastward of the White Sea, divides the continent 
from Nova Zembla, and they will reappear in Behring's Strait, where it 
has been said whales have been caught still carrying the harpoons with 
which they had been pierced in the Spitzbergen Seas. 

The expedition ha« proved by unanimous testimony the deterioration 
of the climate of Greenland, Iceland, and Spitzbergen. In Greenlwd, 
at a short distance from the shore, there is now only one immense 
glacier, Uke those of the Alps. Moantains and valleys have disappeared 
under the level of snow and ice, and the astronomers of Mars and 
Venus, who draw or photograph oar planet, must be astonished by this 
superabundance of arctic snow, which never melts, even wheo that of 
Russia, Siberia, and Canada haa disappeared in the rays of the sommer 
sun. 

The " fast" ice which to-day surrounds the island of Jan Mayen, half 
way between Iceland and Spitzbergen, renders inaccessible the east 
coast of Greenland, and sometimes extends to the north coast of Ice- 
land, a circumstance which never Itappened in former times. Whalers 
no longer go to Spitzbergen, whose seas are as depojmlateU as its plains, 
where the snow has ceased to melt What is the cause of an effect so 
disastrous, which threatens at some future time, more or less remote, 
to drive from Iceland the starving population of about sixty thoosaDd 
inhabitants, which it feeds to-day, or rather does not feed, since it is by 
fishing that the Icelanders mostly obtain the insufficient nutriment by 
which they are barely sustained, even with the assistance of the Danish 
government f If the fast iee should inclose Iceland, aa it has the island 
of Jau Mayen, what would become of the Icelanders! 

Hypotheses have not been wantingtoesplainthisdeteriorationof the 
climate of Greenland, now buried under a compact mass of ice and 
snow, fifteen or sixteen hundred feet in depth. It has been generally 
observed that the shores of the Baltic, of Scandinavia, Iceland, and 
Greenland, are rising. In one of the bays of the latter country, the ex- 
pedition found water-worn ]>ebbles at an elevation never attained by 
the present sea. The ancient banks of the Norwegian shore are in some 
localities three hundred feet high. It has been supi>osed that the rising 
of the twttoin of the sea may have arrested the ice descentbug from the 
north, and caosed the present accumulation between Iceland and Green- 
land. This hypothesis, I think, is not admissible. The belt of ice bor- 
dering Greenland does not, in the leasts resemble the masses of ice which 
the winds and currents sometimes accumulate in the gultb of the polar 
seas. 1 think the true cause of the deterioration of the climate of the 
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Atlantic polar seas is tlie ditnioiitien of the Oulf Stream, tlie rising of 
the bottom of tbe sea, giving less depth to thebedof the current, tends 
to lessen it. Formerly the temperate water ascended to Spitzbergcn, 
giving life to the cetacea, birds, and quadrupeds of its rugged peaks, 
and then descended toward Iceland. This circulation of warm water, 
I say, being diminished, no longer compensates, as in former times, for 
a too close proximity to the pole, and the climate of this entire basin 
has* in consequence deteriorated. We may boldly affirm that the cur- 
rent passing around IHorth (Jape is lessening, and if it were sounded with 
a thermometer, as 3id M. De Laroche-Poucie a few years ago, it would 
be found to lose every ten years in heat, consequently the shores of ihe 
"White Sea. must undergo a similar decrease of temperature. Nothing 
has ever been done seriously and in concert tA) make us acquainted with 
our world meteorologically. Should an inhabitant of the moon — a Ln- 
nite, did any such exist — be transported to us here below, we could tell 
him the distance from point to point in the moon ; the height of its 
mountains, the form of its craters, tbe clefts in its soil, the uudnlation 
of its plains, the level of its plateaux, the flow of itsstreams of volcanic 
lava, and even tbe eftect of the solar heat during its semi-monthly nights 
and days. But, unhappily, if he wished the inhabitant of tlie earth — 
this magician who knew so much about the moon — to enlighten him in 
regard to physical geography, he would be greatly surprisetl to hear his 
learned man respond to almost every question, " 1 do not know." The 
LUnite would form a poor opinion of a people who, while confessing the 
importance, knows so little of the causes of tbe meteorological changes 
controlling the fertility and the productions of tbe soil, upon which de- 
pends the material subsistence of the human race. 

Le Beine Hortense records this important observation: In 18ij6 the 
wind in the latitude of 50° or 60° blew constantly &om the east, while 
in the preceding years the contrary was the case. It was the relapse of 
the current which caused such great inundations in France in 185(1, and 
the rctom of the wind to its normal direction restored to the scasoi>s of 
Europe their natural course. The prediction for 1857 which I drew from 
these facts was accomplished; but although I boldly announced it in 
AngQst in an address before a formal session of the five academies, I must 
confess I am much more confident now than I was then in the acuteness 
of my coiyecture. My coufreres, the astrologers, may be encouraged to 
predict at random. If they make mistakes their blunders will be over- 
looked, while at a successful guess the world will crj-, "a miracle!" In 
1S4C I foretold a rainy winter, on account of the position of the whales 
ofif the bank of Newfoundland. My prediction was verified and highly 
honored ; but when from some other circumstances I made a prophecy 
concerning the following season, meteorology gave me the lie direct. 
When to the congratulations upon my sagacity in regard to 1846, 1 
opposed my mistake for 1847, nobody remembered that checkmate. Tlie 
human mind seems to be such a friend of error, that when it is not indi- 
vidually deceived, it is enchanted if some one will take the trouble to 
delude it. 

As to the question whether the regions under discussion will continue 
to degenerate, or whether an unfavorable period may not be followed by 
a faiorable one, I answer there is very little hope of the latter; and here 
are my reasons for such an opinion : In attributing to the rising of the 
bottoiiu of the Icelandic Sea, the diminution of the warm current by 
which France and England profit, as they receive a larger share of the 
temperate water of the Unlf Stream, this question arises whether this 
rising will cease or continue. Now, it is to be presumed that if the cause 
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wliieb at the commencement of the present onler of natore condemned 
to Rterility Scandinavia, Iceland, Greenland, and the western coast of 
Europe, still preserves a residue of action; that the effect of sucU a ca- 
tnatroptie should be very slowly completed, is iu accordance with the 
mecliaoieal law coutrolliugthe interactioa of flexible bodies — aitd there 
are no other in nature. Place a weight upon the end of a spring and 
the latter will be beat to a certain extent, but leave the weight u{>on 
it and still more dexion will be added to the effect already obtained. 
Notwithstanding assertions to the contrary, I maintain that along the 
coast of France the continent from century to century is slowly rising, 
aud that the ocean iu consequence seems to retire. 

The rich collection brought back by Prince Napoleon, and exhibited 
for several months in the Palais Boyal, offers a useful hint to observers 
in general. The specimens from England, from the Faroe Islands, from 
G-reenland, and even those from Norway, were arranged separately. If 
a list of the minerals which are found at each place had been added, the 
representation of each locality would have been complete. The light 
shed by this short aud rapid voyage on every point would, of course, be 
greatly increased by local observers statioucu along the route traced, 
ticience, however, is thankful for any addition, however small, to her ac- 
quirements. It is a mathematical axiom, "that there issomething more 
valuable than a thoosaud pieces of gold — ^that is, a thousand and one 
pieces of gold." 

The physical constitution of Iceland and of Greenland, in the publica- 
tion under consideration, is discussed in two short articles from master 
bands. I see nothing in them to dispute, and I may say, nothing to be 
added, in spite of the axiom just repeated. Honor be rendered for them 
to M^. Ferri-Pisani and Chancourtois, both of our polytechnic school. 
In regard to the ice of Greenland I must remark upon' the monmfiil 
condition of a land invaded by snow which is perpetual, or which melts 
only during a very small part of the year. The heat of the aun in sum- 
mer cannot affect the soil, since its action is absorbed in melting the 
stratum of frozen water ; and in the cold season, on the contrary, the snow 
and ice decreasing indefinitely in temperature, take away from the soil 
even the small amount of heat it may have retained. Thus, for example, 
in the Anvergoe Mountaius 1 have found places where the ground was 
perpetually frozen even when free l^m snow. The small streams of 
water just under the soil were at a temperature about zero, aud at a 
certain depth they wereeven colder. Thus, also, during the constant night 
of an arctic winter the ice which covers the unfortunate country of 
Greenland, decreasing constantly in temperature, transmits its coldness 
to the adjacent soil ; whereas in melting under the oblique and feeble 
rays of the summer snn, its temperature never rises above zero, and the 
soil therefore receives no heat above zero, while the cold which has been 
_ transmitted to it may have been fifty or sixty degrees below that of the 
melting ice. Surround a thermometer with ice and place it alternately 
for an hour in a place twenty degrees above and then in a place twenty 
degrees below zero, and you will find the mean will be below zero. The 
experiment may be made more conveniently with wax, siiermaceti, or a 
stearine caudle, and by the selection of two places, one above and the 
other below the melting point of the substance employed. If a naked 
bulb thermometer is used, the two effects will be exactly counter- 
balanced. 

The action of the interior of the earth upon its exterior envelope — a 
feet fully established by Htimboldt — is brought into full light by the peo- 
logiciil noticee of the vovage. If we add to the Igneous fluid, the exist- 
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enceof which is admitted by all the world, the circDmstatice indicated by 
Laplace, namely, that tbe interior fluid below the lava npon wbich floats 
the continents is in a state of an elastic liquid, that it is a kind of com- 
pact gas, having for measui-e of its immense elasticity at the center the 
weigbt of half tbe thickness of the globe, all mechanical difficnlties disap- 
pear. The erosive action of steam and of gases is admirably treated in 
these notices of tbe voyage, Astothesuppositionformerly entertained, 
that steam mighthaveraisedthebedsof continents, this coald only have 
taken place when the thickness of the solidified crust was equivalent in 
weight to fourteen or fifteen bnndred atmospheres; that is to say, to the 
masimnm tension of steam. So that when the solid envelope was more 
than six kilometres [4 miles) in depth it could no longer be ruptured by 
the subterranean steam. We now know that this envelope is more than 
fifty or sixty feet in tbickuess. I have recently received from the royal 
astronomer of Scotland, Mr. Piazzi Smith, son of tbe admiral who has 
rendered that name so illustrious, a series of admirable pbotograph.s of 
the lava of the peak of Teneriffe. We still seem to see here in these 
excoriated masses the effect of the corrosive gases driven out by the 
laboratory of volcanic action, through the fissures formed by tho trem- 
bling of the ejtrth. In relation to these terrestrial convulsions, produeed 
by chemical action, we involuntarily recall the death of Pliny, 8uft'owit#d 
in the dense gaseous eruption of Vesuvius, in the first century of our 

I leave with regret tbe picture of the primeval world given in one of 
the scientific notices. If this excellent article were developed it would 
make two fine volumes. The technical words, even, are rendered intel- 
ligible. It shows us tbe earth progressing in form in proportion as it 
coots, and pictures the ulterior forms of things. 
Et remm pnulatim enmeie formas. 

It contains a representation — a very goo^l one, I should think — of the 
mode of action of the great geyser of Iceland, so closely observed by M, 
Descloizeaux, which ^m time to time hurls into the air a column of 
boiling water equal in diameter to the orifice of the pits of a large mine, 
and in beigbt to the towers of Notre Bame. Banks and Solander cooked 
their fish in it. The merry band of Prince Napoleon, sobered no doubt by 
a ride of serernl hours on the (i^llop in the rain, followed by a bivouac iu 
damp clothing, with tbeexceptionof apunchmadeof tho boiling water, 
indulged in none of the eccentricities suggested by solemn British 
phlegm. Our Frenchmen found at the geyser a tonrist, a young Lord 
Dufferin, with bis tent, who had been waiting several days for one of 
the paroxysms of tbe volcanic well. It seems the arrival of our travelers 
decided the geyser; the fountain of boiling water shot up into the air 
higher than could be measured by the eyes of tbe spectators, who were 
stationed too near. The drawing of this beantifiil phenomenon em- 
bellished the public exhibition in the Palais Boyal. "Can it be cor-' 
rectf asked the visitors, who examined this accurate crayon sketch. 
In specifying what a geyser is, according to the theory which Captain 
FerriPisani offers iu regard to this volcanic enipHon, I cannot do better 
than compare it to an enormous manoscope of water, above the boiling 
point, when hurled into the air by the subterranean steam produced by 
the volcanic fires. Happily it falls directly back into the tnlie from 
whence it was momentarily expelled. After this excursion a bill of 220 
francs had to be paid for the grass eaten by the hundred horses of the 
cavalcade. Grass is very rare and very dear in Iceland. But I must 
confine myself to scientific facts. 
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nay i 

explain here the forinatioo of FingaVa Cave, of wliicU my readers have 
pi-obably Been numerous engravings. lu this deep grotto, which is 
entered by a boat, immense basaltic colamns rise to the right and left 
of the explorer to a great height, and support a roof formed of the 
pendant remains of similar columns. The theory of the formation of 
this natural curiosity is not more complicated than that of our ordinaiy 
caverns. In the latter the primitive disturbance of the locality raised 
the rocky mass in one unbroken piece, except at the part corresponding 
to the mouth of the cave. There the stratum of rock disturbed did not 
follow the part lifted np, and a separation consequently ensued between 
the portion raised and that remaining in place. This ia so evidently the 
case that traces may be found by close examination of the former 
juncture of the rock forming the floor of the grotto, and that of its roof; 
corresponding creases and salient points in each attest their former 
union. Now suppose the same operation to take place in a locality 
covered with the beautiful basaltic columns formed by the contraction 
and solidification of the primeval lava. If while the larger part of the 
colonnade was elevated, a portion refused to follow the general mwe- 
mcut, a cavity would be formed, the upper parts of the immobile col- 
umus would form the roof, and the lower pnrts which retained their 
original position would constitute the floor of the cave. Caverns of this 
liind exist in the sides of the basaltic hills, disturbed by the action of 
the ancient volcanoes of Au^ergne. In most cases, as in the cave, or 
rather the caves of Fingal, for there are several of them, the basaltic 
rock attained its greatest elevation immediately back of the opening of 
the grotto, which is conseqnentlj' higher in front than at the back. Open 
moderately the long jaws of a hunting dog, and his beautiful teeth 
above and below will give a very good idea of the divided trunks of the 
basaltic colamns forming the ceiling and pavement of the grotto, while 
his two fangs, extending from jaw to jaw, represent very well the 
colnmns which have remained intact, and support the vault formed by 
those which have been separated into two parts. 

The theory in regard to the fossil wood of Iceland, as given in the 
exposition of the voyage of La Beine Hortense, appears to me well 
worthy of confidence, and, as nsual, one truth leads to another. If, for 
example, we admit that this wood was brought to the island by marine 
unrreuts, the various elevations at which it is foond may afford a 
valuable indication of the rising of the ground. The report of the 
expedition is silent in regard to the rising of the Faroe Islands. When- 
ever a good measure is initiated by an expedition it finds coutinuators, 
iirid science is as much benefited by the work induced, as by that 
actually accomplished. Natural philosophy docs not lack encourage- 
ment and appreciation, and it pays in renown every attempt to assist 
its progi-ess. It has been said science has no special public, but the same 
may be said of the pulpit and the bar. 

France ou^t not to forget that she is the Areopagus of glory. " If I 
dared," said Frederick the Great ia a letter to Maupertuis, on tlie 12tb 
of March, 1750, " I would say confidently to yon Frenchmen what Alex- 
ander said to the Athenians: What pains I take to be praised by yon 1" 
It ia evident from the nautical report that if La Heine Hortense was 
not crushed by the ice, it was not the fault of the temerity of the nari- ' 
gaturs, which was counteracted, it is true, by a most active and judi- i 
cious supervision. The poor Saxon, which carried snpplies of coal, did t 
not escape as well. She suffered from the touch of a very gentle ice- 
berg. Happily she was not utterly destroyed. I congratulate myself 
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npOQ liaviog remouatrat«d with the expedition upou tlie imprudence of 
Boch a craise along the fast ice, which always produces fog. Howcvv.', 
oar mariocra, more skillful eTsn than imprudent, have returned, and 
given us a beantiful volume, which does not contain the half of what 
they could tell us. One thing is to be regretted, that is, the small num- 
ber of soundings taken. The question of transatlantic communication 
by means of a submarine telegraph renders very important the deter- 
iniDation of the depth of localities where the cable may be laid. The 
depths measured were generally great. 

Another voyage, that of an American, a visit to the people of the 
north, would deserve more than a simple mention of it by me if science 
held in it a more prominent place. Mr. Brace's book possesses the rare 
advantage of being written by a tourist who saw more than the inside 
of inaa. He sought the people at kome, to boiTow a word from the 
title of his book, It is interesting to view the Scandinavian country 
through the eyes of a citizen of the United States, and I repeat that the 
author has brought us more than auy other in contact with the people 
of every grade. "Paris seen in eightdays" is the title of the guide- 
book given to strangers. Could anything be more absurdf Between 
an excursion to Versailles and an exhibition at the Koyal Theater, we 
receive a visit from an English family, out of health, but with a fearful 
aoionnt of curiosity to satisfy. After a few words abont their over- 
whelmiug fatigue, they set out again to see more, if seeing it can be 
called. An English tourist is reported to have said to a compatriot, on 
coming out of the picture gallery of the Louvre, "Ahl my friend, what 
an admirable collection ; I have taken an hour to see it, and yon know 
I walk fast." But joking aside, Mr. Brace's work deserves to be trans- 
lated into French. It possesses all that can be fiivorabjy said of a book 
of travels. The number of those who publish works of this kind is to 
that of real observers, as the number of true poets is to that of mere 
verse-makers. 

Let us now conclude this review of the voyage of La Beine Horteusc. 
The captain of the vessel, and the officers supporting him, under the 
direction of the head of the expedition, have given proof of a high degree 
of genius for arctic exploration. France should not allow such talent to 
be dormant. We know in what estimation Napoleon tlie First held lucky 
men ; he considered them especially skillful. Now our mariners were 
very lucky and also very skillful. Their ability ought to be employed, 
and that in the line of their specialty. See what a very interesting 
region remains to be explored. 

In entering into the glacial sea on our meridian, but on the other side 
of the world, which is at noon when we are at midnight, through Beh- 
ring's Strait, we And, by ascending to the north and west, in the Siberian 
seas, a basin extending to the islands called New Silieria, which has 
been hut little explored. It is here that from time immemorial the race 
analogous to the Esquimaux of Europe and America have sought, every* 
winter, the antediluvian ivory which rolls upon our billiard boards, in 
conjunction ^vith that of the contemporaneous elephants of Asia and 
Africa. These islands were the catacombs of the primitive animal world. 
I had hoped that Prince Demldoff, who promised ua an expedition by 
land to Siberia, would have given us the key to this great enigma of 
nature ; but a maritime expedition would be much more efltcacious. An 
especial commission should be sent to Nyney-Kolymsk and the island 
discovered by Liakof in 1770. Something ought to be added to the 
knoi^ledge obtained in 1804 of the mammoth preserved intact by the 
cold. Treasures of organic archteology are hidden in the three or.fout 
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islands of the group mentioned. If, according to M. Ooizot, seconded 
by Mr. Airy, Ft-ance is the pioneer of scieuce, she ought not to be igno- 
rant of what it is in her power to know. 

I have not noticed various questions concerning the aurora borealis, 
terrestrial magnetism, gravity, and physical geography, vhich this ex- 
pedition might solve, and I ask pardon for not having given these sug- 
gestions as those of MM. Duperrey and Petit-Thouara, whose names 
would have much more weight than my own; but in the domain of 
science the sovereign empire is that of trath. One curious fact among 
tlie observations of La Beine Hort«nse I omitted to mention, which is, 
that in the arctic seas visited the magnetic needle, which here points to 
the north, turned to the west, or even worse than that. M. Duperrey 
should be furnished with the means of publishing his magnetic charts, 
which extend to 1860, and of thereby giving to the twentieth century, 
now so near, data for which not only that but centuries to come will be 
grateful. 
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URAL HISTORY OP GENEVA, PROM JUNE, 18G8, TO JUNE, 1869. 



Br Dk. H. C. Lombard. 



l7yan»laUd for fA« 5nuU*o>iidn Jnilifufiou /rom tAe nciwira of (A« Mwief^.' Qmeioa, 1869.] 

I am about to perform the last act of the presidency with which ray- 
highly respected colleagues have been pleased to boQor me, by render- 
ing an accouut of our transactions and of the changes which have 
occurred in our society during the academical year which now draws to 
an end. 

Death, that visitor who is almost always uulooked for, has robbed ue 
of several members, emeriti or honorary. In the first category, we 
recaU M. Isaac Macaire, who, after being long one of our members in 
ordinary, was, at Ids own rftquest, classed in tbo number of the emeriti. 
In the second category, or that of honorary members, we liave to record 
three individuals whose labors have contributed greatly to extend the 
boundaries of the natural and physical sciences, and whom we had the 
honor to number among our correspondents. I speak of MM. Von Mar- 
tins, Matteucci, and Forbes. But if our ranks have sustained some 
losses, the vacancies thus left have been promptly filled, not, indeed, 
by savanta already numbered, like the honorary members just named, 
in the first class, with whom our new colleagues would not excuse me 
for instituting a comparison, but by four members in ordinary, most 
of them young, and bearing names endeared to us by more than one 
title. One of these, Professor De Iia Harpe, already an at^uuct of the 
society ander the title of associate, became a member in ordinary in the 
course of the winter, after having read an original essay on a question 
of mathematics. Of the three others, who are still of an age which 
promises a longer career than remaius for most of us, one has taken, 
after several years interval, the place of a colleague regretted by each 
of U8. It is with great satisfaction, therefore, that we have enrolled in 
onr society a second Dr. Jean Louis Prevost, devoted, like his prede- 
cessor, to the researches of experimental physiology. The second of our 
young members, M. Ernest Favre, in taking his place among us, renews . 
the tradition of those geological researches which earned an honored 
name for his father, Professor Alpbonse Favre. Finally, if the last of 
our young members, M. Edouard Sarasin, has no direct ascendants in 
the cultivation of the sciences^ he numbers warm friends in those pur- 
suite, who will aid him in opening a path of his own in the physico-chem- 
ical studies to which he has earnestly devoted himself. 

After this summary review of oar losses and acquisitions, let us recur 
to the former and briefly recount the labors of those whom death has 
removed from us. 

M. Isaac Fraiit^ois Macaire was born, in 1706, at Geneva, where he 
fulfllle^l the customary circle of academic studies. He succeeded his 
father as pharmaceutist, and availed himself of that circumstance to 
apply moi'e especially to chemistry and the natnral sciences. We need 
not recall hero the obligations of chemistry to the laboratotjes of phar- 
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macy; it is suflBcient to name Sclieele and Sir Humphrey Davy. Oni 
late colleague found, in Pyrame De Candolle, Gaspard De IjaEive, and 
Alexander Marcet, friends and enlightened counsellors, by whom the 
first steps of bis scientific career were greatly facilitjited. Received, 
when very young, as a member of our society, (1821,) he furnished fre- 
quent communications, which were printed in the Annaleg de Chimie et 
de Physique or in the Bihlioth^que JJnirerselle. His first essays were 
chiefly directe4l to the analysis of minerals and to researches in vegeta- 
ble physiology, in connection with which be gave especial attention to 
the autumnal coloration of leaves. His inquiry respecting the phospho- 
rescence of the lampyris or glow-worm was widely noticed, as was also 
a memoir relative to tbe action of poisons on sensitive plants, which 
formed a sequel to the analogous researches of M. Francfc Mareet. In 
conjunction with the latter, Macaire conducted many interesting investi- 
gations on the composition of organic substances and on certain special 
questions in chemistry. Samed, in 1830, adjunct professor of medical 
chemistry, he gave at the academy a course of toxicology, as he had 
previously given courses on ajiplied chemistry, before the Society of 
Arts, of which be was a member from 1830. He was, in addition, one 
of tbe most assiduous collaborators of the BibliotMque Universdle, for 
which he prepared numerous scientific articles, as well original as bib- 
liographical. 

Summoned in the midst of bis scientific career to take part in the 
state councils, be yet found time, notwithstanding bis many administra- 
tive ol«^upatioQ8, to cultivate his fevorite science. Isaac Macaire be- 
longed to that geueratioD of savants, daily diminishing in number, who 
were the first pupils of the distinguished professors by whom Geneva 
was adome<l during tbe early years of the restoration, and who, conse- 
quently, bore a part in the awakening of the scientific movement of 
that era. The sacred fire then kindled was guarded by him with aU 
that ardor for science which was tbe predominant cbaraeteristic of the 
period. He loved to recur to those happy times of bis youth when the 
eminent men whom Geneva then possessed diffused an atmosphere of 
intellectual good-fellowship which it was grateful to breathe. 

Of our three honorary members removed by death, the oldest was Dr. 
Charles Frederic Philippe Von Martius, who was bom at Erlangea in 
1794, and who became a member of our society in 1821. The name of 
this celebrated botanist ts associated with his great scientific expedition 
to Brazil and with the publication of utimerons and highly esteemed 
works which have largely extended our knowledge of the fiom of the 
tropical regions. After having traversed the most remote parts of that 
vast empire and ascended the River Amazon to the frontiers of Peru, lif. 
Yon Martins, in company with M. Von Spix, transmitter! to Euroiie the 
rich collections now deposited in tbe royal museum of Munich. The 
premature death of M. Von Spix threw the whole burden of editing and 
publishing this scientific exiKtsition on M. Vou Martius; hence be was 
obliged to call to his assistance several collaborators and, among others, 
onr fellow -country ma u, M. Agassiz, who thus led the way, by the de- 
scription of tbe fishes of Brazil, to that more profound knowledge of this 
immeuse empire which he has acquired in a more recent expedition; an 
expedition in which every tacility for his studies as a naturalist was 
placed at his disposal by the liberality of the authorities of the country, 
no less than by the pecuniary aid of a wealthy citizen of the United 
States. 

But what has earned a distinguished name for Von Martins, besides 
his analytical genius, his admirable descriptions, his spirit of general- 
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izatiou, are three great works, any one of which would have sufficed to 
confer celebrity «8 a botanist. The Ifcrva genera et gpeciea pUmtat^m 
Jiranlien«ium forms three volumes in folio, illustrated by three hundred 
plates executed with great care. The Historia naturalts patmarvm is 
also comiMJsed of three volumes in folio, embellished with two hundred 
and forty-five plates, mostly colored, and some of them representing 
landscapes which show, together with the aspect of certain palms, the 
part which they fnlfll In the vegetation of different countries. Lastly, 
the Fhra bra»itieim», a work also in folio, embellished with plates, has 
reached its sixteenth volume, and will be continued under the care of 
Dr. Eichler and the auspices of the Brazilian govemmcut. 

Such are a few of the works of M. Von Martius. It will be understood 
from this very incomplete enumeration why I felt authorized to say 
just now that our society was honored by counting so distinguished 
a botanist in the number of its honorary members. M. Von Martius 
was permitted to continue his scientific labors to a very advanced age, 
retaining to the last the vivacity of his mind and that love of study 
which enabled him to accomplish so many valuable labors. But it has 
been our privilege to appreciate in the savant the man of kind feelings 
as well as shrewd observation through the extracts which Professor De 
Candolle has communicated to us from his letters, in which humor dis- 
putes the palm with originality, while he expresses his thoughts some- 
times in French, sometimes in Latin; commencing a phrase in one of 
those languages and finishing it almost without transition in the other. 

M. Von Martius breathed his last December 13, 1868, at the age of 
seventy-flve years, encircled with the esteem of his fellow-citizens aud 
the respect of the botanists of all countries. 

The career of Carlo Matteucci was shorter, for he died at the age of 
fifty-seven years, when a long continuance of his scientific and admin- 
istrative labors seemed still to await him. Devoted, like his predeces- 
sors and compatriots, Galvani, Volta, Nobili aud Melloni, to the study 
of electrical phenomena, Matteucci communicated a strong impulse to 
the science which he cultivated with so ranch zeal. From the first, the 
chemical phenomena of voltaic electricity attracted his attention, and 
be demonstrated, in 1835, that the interior chemical work of the pile 
is equivalent to its exterior work. He studied successively the propa- 
gation of electricity in liquids, whether in a state of continuity or 
separated into compartments by metallic diaphragms. But it was espe- 
cially by his researches on animal electricity that the name of Matteucci 
was rendered illustrious ; researches which, first directed to the torpedo 
and the electrogenous ^paratus of that fish, which he discovered to be 
nnder the infinence of the fourth cerebral lobe, were afterward extended 
to other electrical animals, resulting in the detection of the curious 
phenomenon designated by him as inducted contraction. These researches 
iu electro-physiology had led M. Matteucci to recognize, not only in 
electric animals, but in all others, a muscular current whose direction 
Mid intensity he made the subject of exact study. Often in coufiict, 
aa regards these delicate inquiries, with a German savant, M. Dubois- 
Itoymond, be was under the necessity of greatly varying his experi- 
ments in order to arrive at a clearer demonstration of the phenomena 
which served as a basis for his Treatise on the' electrophygiological pke- 
nomena of animaU, published in 1844, and his Course of electro-pkysi- 
oloffjf, published in 1857. The death which we are thus called to record 
is that of an eminent physiologist no less than distinguished physicist, 
fiis name was enrolled in our society in 1834, and most of us preserve 
a lively recollection of his kindliness of manner and of the judicious 
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remarks with which be accompauied the readiiig of the memoirs at the 
sessioua iD which we bad the pleasure of meeting him. 

At the mentiou of Professor James David Forbes we find ourselves 
in some sort at home, since, besides not a few investigations in pure 
pbysics, a greiit part of the researches of this learned Scotchman had 
for their object our mighty Alps, with the glaciers which cover their 
summits and descend into their valleys. It was from no superficial 
inspection that Forbes described the geology of these mountains and 
the movement of the glaciers ; like do Sanssure, niwn whose labors he 
seems to have modeled his own, he baa given us his TroveU in the Aip», 
founded upon very numerous excursions, as stated by himself in a pre- 
face written in 1843 : " It was my privilege to receive, in earliest youth, 
the most vivid impressions from the cootemplatioQ of mountain scenery, 
and I have renewed those impressions m after-life, by traversing the 
chain of tbe Alps twenty-seveu times by twenty-three different passes, 
and exploring alt the lateral valleys of the great central group of 
Europe." It was through these multiplied excursions, which were 
repeated nearly every year since 1813, that Forbes was enabled to 
deduce his theory of tbe movement of glaciers, which he compares to 
a river descending slowly into the valley. But his explorations were 
not limited to the Alps; tbey were extended to the volcanic regions, 
both ancient and recent, of the Gulf of Naples and of Ardfeche, as well 
as to the glaciers and hords of Norway. Unhappily, the first germs of 
consumption were developed in his system during these last-mentioned 
excursions; and it was this disease which conducted him to the tomb, 
December 31, 1868, at the age of fifty-nine years, after long sufferings, 
partially alleviated by intervals of comparative good health. 

Professor Forbes was a member of our society from tbe year 1833. 
He was often present at our sittings, giving us the earliest fruits of the 
observations which he had just m^e in tbe neighboring Alps and com- 
municating them to tbe public through the medium of tbe BibliotMque 
Univeraelle, as well as the scientific collections of his native country. 
Some idea of the great intellectualactivityofoue who died when still in 
the flower of his age may be formed from the fact that his biographer, 
M. Beikie, has recorded the titles of one hundred and forty-two works 
or memoirs which he had, published ; of these I shall cite but one na 
specially interesting us, namely, a biographic notice of our colleague, 
Professor Neeker. 



After these biographical and admiuistrative details let ns pass to the 
proper labors of our society, and commence with the physical and math- 
ematical sciences. 

5 1. — ASTEONOMY. 

Professor Oautier has continued to make the society acquainted with 
the progress of astronomy, and particularly with that remarkable class 
of recent investigations to which the employment of the spectral method 
has given rise. The observations of the eclipse of the 18th of August, 
1868, as well as the study of tbe constitution of the sun, and other ce- 
lestial bodies, have fornled the subject of the greater part of his com- 
munications. M. Soret has also occupied our attention with the chem- 
ic^ composition of the solar atmosphere, the exterior strata of which 
seem to contain only hydrogen and not a multiplicity of gases or vapors, 
a fact which has been brought forward by certain persons as an objec* 
tion to the theory by which M. Kirchofif has explained tbe black stripes 
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of the spectram. But if it be admitted that in an asaemblageof gases 
each of them may act singly, it would follow that the atmosphere of hy- 
droReu, by reason of the feeble specific gravity of that gas, moat ex- 
tend much further than those of the othervapors, and form, consequeutly, 
the exterior envelope of the sun. 

§ 2, — ^Meteobology. 

Professor Gantier read to ns an extended notice on the fourth year of 
the thermometric and pluviometric observations made at the seventy 
Swiss meteorological stations, and also on some other analogous labors 
of MM. Wolf, Plantamonr, Margnet, Hirsch, Fretz, &c. This notice, 
forming a sequel to those which M. (jrautier had drawn up on the first 
three years of observation, has been published in the number of the Ar- 
chives des «CTences physiques et naturellea for November, t86S. 

The meteorology of different regions has formed the subject of some 
interesting communications. Professor Marcet has related to us his im- 
pressions regarding tbe climate of Egypt, where he had resided for sev- 
eral months. He was especially struck, in ascending the Nile, at the 
excessive differences which exist between the maxima and minima, 
according to the hours of the day. In the month of January it was 
very difficult to support the heat of the son at 27°, (80° F.,) or even at 
22© or 23° (72o or 73° F.) Tbis is referable, doubtless, to the extreme 
dryness of the air. It scarcely ever rains, in fact, in Upper Egypt and 
Nubia. The assertion of Horodotns that it had not rained at Thebes 
since the time of Psarametichns, that is to say during five centuries, 
is, no doubt, exaggerated, but it is not the less true that rain is 
extremely rare in those countries. The dragoman of Mr. Marcet had 
seen rain fall but once in fifteen or sixteen years. Tbe radiation 
produces an extreme coldness at the rising of the sun. It appears that 
at Ismaila, where many plantations have been formed since labor was 
commenced on the canal of Suez, it rains more frequently than of old. 
In higher Egypt and Nubia the sky is almost always clear. M. Mar 
cet observed clouds, but be believes that it was a misty appearance pro* 
duced by the Kaimin. 

A summary of meteorological observations made at Hayti during five 
years was communicated to us by Professor Gautier ; the extremes of 
temperature observed in that space of time were 13°, o°, and 38°, (56^, 
41°, and 100° F.) M. Gantier has received the commencement oi ob- 
servations made, at his instance, on the coast of Labrador by the Mo- 
ravian missionaries, to whom he had sent thermometers prepu^d and 
regulated at Geneva. 

Professor Plantamour recounted to us the anomalies of temperature 
observed at Geneva during the month of December, 1868. The mean 
was 7^.14, (450 p.j} being G°.li (43° F.) higher than for the previous 
forty-three years. During that period there had been but two months 
of March and a single November in which the temperature was higher. 
So high a temperature had not been experienced for any month of Feb- 
ruary, nor a fortiori of January, but, again, there bad been six Aprils 
in the same series of years which were colder. There fell in December 
155 millimetres (6 inches) of water, a quantity greater than that of nil 
the years since 182G, with the exception of 1841. According to M. 
VTolf, of Zurich, the quantity of water collected at several stations of 
East Switzerland, especially at those of considerable elevation, from the 
middle of September to the end of October, 1867, exceeded a metre, and 
cases occurred in which tbe quantity of water falling in the course of 
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tweoty-four houru amounted to 30 and 40 centimetres, (12 and IC inches.) 
The iuatxlHtions occasioned by falls of water bo exceptional cannot Ik" 
attribated solely to the removal of the forests from the mountains, how- 
ever aitfavorable such clearings may be. Lastly, mention wan made nf 
the shower of mud observed at Naples by Professor Claparede. The 
clouds, on that day, had a peeuliar aspect and seemed to be formed ul' 
dust ; muddy spots were left on the windows by the drops of rain. Gen- 
eral Dnlbur had witnessed at Corfu showers of mud wbicb the inhabit- 
ants attributed to the wind of A&ica. 

5 3. — Mathematics and Physics. 

Pure mathematics has been the subject of but a siufilc memoir, which 
■was read to os by Professor De La Harpe. It is the first part of a trea- 
tise on the formation of powers, in which the author demonstrates that 
the higher powers are formed by differences. He gives the formukis 
designed for the calculation of high powers and designates them by the 
general name of /ormuia of the monome. This memoir was accompanied 
by models intended to fiicilitalc the understanding of the demonstrations. 

The geodesic labors undertaken by Swiss siivants have been continued 
during the year 1868. Professor Plantamour has communicated to us 
the result of the Swiss Icvelings, which embrace the whole of the west- 
em part from Geneva to Basle. M3I. Plantamour and Hirsch have been 
engaged in determining for the different stations the numbers as referretl 
to the iit«ne of Niton, which serves as the poiut of departure, while the 
primitive! data simply give the difference of level between two consecu- 
tive stations. The number of points for which the amounts have been 
thus established is 62G. To that end, it was necessary to make a com- 
pensation for the ejTors in the system composed of a series of polygons, 
each of which ought to be exactly closed. One of the canses of error in 
a leveling of precision, the influence of which is very cousiderable in a 
country so broken aa ours, is the variableness in the absolute length of 
the sights, according to atmospheric circumstances, the temperature, 
hygrometric state; and, from direct and numerons comparisons, this 
variation may amouut to a ten-thousandth of their length, more or less. 

il, Plantamour gave an account of observations which be bad made 
during a sojourn of nearly two months at Weissenstein with a view of 
deteriniuing the astronomical co-ordiuates of that station. He also read 
a ine:aoir on the latitude of the Bighi Culm from observations made at 
that locality in 18((7. The latittide was determined as well by the circom- 
meridian zenithal distances of stars as by observations of their passage in 
the prime vertical. The number obtained is sensibly greater than that 
indicated iu the triaugulatiou of Switzerland, which had been deduced 
from the latitude of Berne by the calculation of triangles. The differ- 
ence is easily explained by tbe attraction of the neighboring chain of 
the Alps situated to the south of the Eighi. 

The effects of lightning on trees have been studied by Professor Col- 
ladon in the case of sixteen poplars, three oaks, a fir tree, and a vine. 
The iMjpIars which were struck were seamed with furrows, greatly shat- 
tered, and stripped of bark and liber in the twolower thirds of the tree, 
the ni)|H:r third being most frequently exempt from iiyiu-y, probably in 
ccnswinence of the greater couductibility of that portion of the branches 
and foliage. The iioplar of Italy especially attracts lightning, for M. 
Colladon has seen it struck in preference to neighboring oaks aud elms, 
tbongh the latter were taller than the poplars. The effects of lightning 
on oaks are very different from those just described : the apper parts 
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are always killed, and one or two furrows may be traced descending from 
the snminit to the soil. To the right and left of the fnrruw are «een 
two strips of alburnum deprived of bark, the width of which increases 
as they approach the ground. The eflecta of the lightuing which fell, 
on the 17tlj of July, on a flr tree in the city of Nyou were very remark- 
able. The stroke was preceded by the appearance of a luminous ball 
wUicli moved along the surface of the ground at three or four yanls 
from the tree, an electric plienomeiiou often described by physicists and 
iu particular by Arago. The flr was about 1«.5Q metres (54 feet) in 
height. In its upper part the leaves were scorched to (he half of their 
length. The tniuk showed no injury in its upper half, but below there 
were several very deep flssures and ten or twelve brownish and circular 
spots from 3 to 5 centimetres (I to 2 inches) broad, where the bark had 
been removed. The vine struck, in July, ISflS, presented a regular circle 
of 14 to 15 metres, {45 to 50 feet-,) comprising abont three hundred and 
fifty stems, on which nearly all the leaves were mottled with reddish 
and olive-colored spots. The intensity of this coloration increased on 
npproaching the center. The props were neither burned nor broken, 
I>r. Miiller, who examined the branches and leaves of the vine-stocks 
reached by the lightning, found that there was no modification of the 
cellules in the interior, and that the efii'ct had taken place on the uitro- 
gcnized matter, and especially on the cambium. 

The memoir of M. CoUadon was accompanied with designs, samples, 
and strips of the bark, which greatly contributed to the understaudiug 
of the effects of lightning on the trees. Professor J)e La Itive cited 
some observations in contirmation of those of M. Colladon. He thinks 
that the spots observed are analogous to those of every electric dis- 
charge, and whick are also eircuhir. Their appearance would seem 
referable to the presence on the trunk of some foreign substance. 

Prolesaor De La Bive communicated to us the result of the observa- 
tions of M. Wild o:i the absorbent power of light by atmospheric air, 
and gav<! us the an:ilysis of the moat recent investigations of M. Becque- 
rel and M. Tyndall on the physical and chemical pbenomoDa of light. 
He called our attention to the observations which have been nmde at 
the observatory of Greenwich on the agreement of magnetic and galvano- 
metric curves. These curves are nearly identical, the only ditt'erence 
being the following : A point of a curve ol' the galvanometer always i)re- 
cedes the corresponding point of the curve of the magnetometer. 

M. Ed. Sarasin communicat«d the res^.tt of liis researches on the 
phosphorescence of rarefied gases after the passage of the electric spark, 
and particularly on the part borne by oxygen in these phenomena, 
{Archives, Mareh, 1869.) 

Professor Marignac detailed his experiments on the heat of the vola- 
tilization of ammoniacal salts. He has arrived, by prolonged and minute 
researches, at the conclusion that it is exceedingly probable that tlie 
salts of ammonium are, in great part, decomposed into their elements 
when volatilized, (Archives, November, 1868.) 

Professor Wartmaun, besides several rei>ort8 on the memoirs pub- 
lished by other savants, gave an account of two luminous phenomena 
which he had had an opiK>rtunity of observing: First, a magnificent 
solar spectrum on the surface of the lake, seen on the road from Uer- 
mance.a phenomenon which could only be explained by a refraction fol- 
lowed by a reflection of the solar rays by the waves ; secondly, a lumi- 
nous vertical column after the setting of the sun. Thir meteor, of which 
he published a notice in 1846, is susceptible of explanation by vertical 
prisms of ice held in suspension in the atmosphere. 

i,Cooglc 
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M, Soret communicated the results of recent observations on solar 
radiation, the intensity of which at Geneva during several days of March 
was very considerable and exceeded that wfcieb he had observed in 
summer at an altitude of 3,000 metres, (10,000 feet.) The same member 
presented a memoir on the polarization of the blue light from water, 
which has, under this condition, an almost complete analogy with the 
light from the sky, [Archives, May, 1869.) 

^ 4.— Ohbmistby. 

M. Antoine Morin stated to us the result of his experiments on the 
alloys of gold, silver, and copper, a subject which intimately concerns 
our manufactures of jewelry and horology. The most usual alloys are 
not only compounds but a true chemical combination, notwithstiindiug 
the difference of density of the gold and copper. There needs but simple 
fusion and remeltiiig three or four times to obtain an alloy so homoge- 
neous that the law allows only a deduction of y^^j for those of gold and 
copper and of to^usj **"■ those of silver and copper. For this there is 
required a special force, which is chemical affinity, the influeDce of 
which is demonstrated by a change in the molecular state of the metals 
alloyed. In calculating the specitic weight of alloys, we find a number 
greater by an eighth or a ninth than the real density of alloys of gold, 
and by a sixth or a seventh than the alloys of gold and native silver of 
Colombia. The didereiice is insignificant tor alloys of silver and copper, 
but the homogeneity of the ingots is obtained with more difficulty. The 
angmentation of vtjume of the metals which enter into the alloys of 
gold with silver and copper is not the only indication of a chemical com- 
l»ination. T)ie proportions which have been adopted in practice tor 
jewelry of 18 and 14 carats are closely approximate to the atomic num- 
bers which would form combinations of a definite proportion. The 
hypothesis that there is chemical union, and not simple mixture, seems 
to bo confirmed by the analysts of natural alloys. In most of these the 
metals are found in qnautities corresponding to the exact numbers of 
eqnivaleuts. 

M. Morin has also been engaged in verifying the canse of the rochage 
which forms an accident in founding, and which consists in a rupture 
of the solidified rmst of the metal accompanied by a jet of that which is 
in fusion. He thinks that the rochage is a pbenomenou of a chemical 
raturc, as the metal ejected has not the same composition as the rest of 
the ingot. 

§ 5.— Geology ahb Paleontology. 

Professor De La Rive communicated to ns a letter of Professor Agas- 
siz on the existence of ancient glaciers of considerable height and extent 
in the greater part of North America, particularly in the nigiou of the 
prairies. 

Professor Pavre described the great moraines which the ancient gla- 
cier of the Rhine has deposited even in Wurtemberg. He gave au 
account, based on the researches of two geologists of Lyons, (MM. I'al- 
san and Chartre,) of the erratic blocks deposited by the glacier of the 
Rhone between Geneva and Lyons, of the geological constitution of 
Mount Ccrvin, as studied in two successive ascents b^ M. Giordauo, of 
the discoveries of M. Chartre relative to the question of preliistoiic muD, 
&c. He exhibited to ns a small erratic block of red porphyry, found iii 
the environs of St. Julien, and, on several occasions, occupied our atten- 
tion with the remarkable repository of smoky rock-crystals, found at the 
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glacier of Tiefen, near Gallenstock, in the canton of XTri. A fine group 
of tlieae crystals has been given bv MadRme Itevilliod De La Itive to 
oar new library and will form one of tbe oraaineuts of tlie lievillio<l ball. 

M. Emest Favre read a memoir on tbe fussit mollusks of tUeenviroiiB 
of Leniborp, in Oalliciiu The fossils described were fiirnisbed by two 
princi|>al repositories: Kagorzauy and Leniberg. At the latter, the 
formation is constituted by a very fine and compact calcareous marl, 
forming a bank which exceeds 145 metres, (476 feet.) The rock of Na- 
gorzauy is a yellow, hard sandstone, iu thick banks, alternating with 
strata of soft limestone. M. Favre has recognized in bis fauna one hun- 
dred and seventy well-distingiiisbed 8i>ecies of mollusks. Tbe cepbalo- 
pods abound at Nagorzany. They comprise eighteeu species, of which 
the most characteristic is the Belemnitella macronata. Here also the 
gasteropods are numerous and varied, amounting to one-half of the 
fauna. At Lemberg they are represented by only twenty-six small an«l 
scanty species. Of the acephala, forty-six si>ecies are found at Lemberg 
and thirty-two at Nagorzany. Tbe brachiopods number eleven sjiecies, 
four of which are common to both localities. The fossil mollusks found 
in Gallicia characterize the lower part of the chalk a Belemnitella mucro- 
TMta, and, consequently, tbe senonian formation, presenting the greatest 
analogy with the chalks of Westphalia, Luneburg, and the Isle of Kugen, 
as well as with the senonian formations of Limburg, Uainault, and the 
basin of I'aris, which all number species common with those of Ijemberg. 

M. De Loriol presented a memoir which be has recently published in 
conjunction with M. Gillierou on the urgonian stratum of Landeron. 
The fanna of this stratum forms a transition between that of the neoco- 
mian and that which characterizes the lower urgonian stratum. This 
fauna comprises a great number of Sponffitaria as welt as numerous indi- 
viduals of a Comatula with single arms, pertaining to the new genns 
Ophiocrina. 

5 6. — BOTAMY. 

The most prominent fact which has distinguished onr sessions, so far 
as botany is concerned, has undoubtedly been the liberal donation which 
Hadame Delessert and faer two daughters have made to the city of 
Geneva of the rich and celebrated herbarium of the Baron Jt'ran^ois 
Delessert. 

Tills collection forms one of the twenty or twenty-one largest herbn- 
rinms in existence, and it is especially remitrkable on account of the 
greatnamber of specimens described ami mentioned by ancient or mo- 
dern authors. Independently of the types described by Lamarck, La- 
billardiere, Bichard, Palisot, Ue Beauvais, and others, which are in the 
general herbarium, it comprises moreover that of the Burmans, which 
includes the types of the older botanists, especially those of Tbunberg 
and of the Bnrmans themselves, besides a herbal of Lapland, collected 
and named by Linnseus. Tbe plants of India, arranged by Waliich, 
form one of the most extensive collections which exist on tbe continent. 
This Delessert herbarium will be found in future in convenient prox- 
imity with the rich collections of MiM. De CandoUe and Boissier,, which 
were already of easy access to botanists, so that the one wUI be com- 
pleted by the others, thus affording facilities for the most thorough 
study. 

It is to M. Alphonse de Candolle, than whom do one can better appre- 
ciate the importance of this gift to our city, that I am indebted for the 
above particulars. It was from him also that the society received, on 
tb.e authority of a letter from M. De Gelaznow, director of the Agricul- 
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taral School of Peter the Great, a statement regaining the large quiui- 
tities in which the white truf9e exists iii the interior of BaBsia. 

Dr. Miiller gave an accoaut of the investigations of MM. Bornet and 
Thnret respecting the fecandation of the FlSridea, Crom which result 
two exceptional facts in the vegetable kingdom : Fii'st. The effect of the 
male element takes place here on a complete cellule, provided with a 
cellulose membrane, and not on a protoplasmatic rudimentary cellula 
Second. The result of the fecundation does not show itself in the cellule 
which has received the contents of the antherozoids, the formation of 
the fruit or cystocarp being produced at some distance in another part 
of the female individual. To Dr. Muller also we were indebted for the ex- 
. hibitton of specimens of a rare aquatic plant, of a fine rose-purple color, 
found at Evian on the pebbles at the bottom of a spring of alkaline and 
slightly ferruginous water. The plant is the HiUUbrandtia rora, var. 
fiuviatilk, Knts, which, by its fructification as well as color, belongs to 
the class, almost exclusively maritime, of the Florideae. On this occa- 
sion the Rev. M. Duby spoke of another nlga, which, as observed by 
Dr. Welwitsch, covers at certain periods with a black crust the rocks on 
the western coast of Africa. 

M. Duby read a note, accompanied by plates, on certain species of 
exotic or little-known cryptogama He describes fourteen new species, 
and five bnt little known, pertaining to seven different genera. Of the 
new species one comes &om the East Indies, three Irom Brazil, one &om 
]S'ew Caledonia, four from Mexico, three from Chili, and two from Aus- 
tralia. On this occasion M. Dubj' stated that two new genera which 
have been introduced seem to be of doubtful authenticity ; these are the 
genera ^nwfremia and i>t(Tanie(fa, which differ very little trom the genus 
Dicranum. The genus Campilopu» has been separated from the genus 
Dicranum by the two following characters : First, because the capsule 
is gyrose at the base; second, because the galeie of fructification are 
fimbriated at the base. Other botanists hold these characters to be of 
no great value, and maintain that in the same genus species are found 
in which the galea is fimbriate, and others in which it is not so. 

M. Duby has examined the microscopic vegetables which have covered 
oar lake at certain points and which were presented by M. De Saussure, 
on the part of Dr. Forel de Merges. They are grains of chloropbytlum 
formed in the algie and deposited during rainy seasons on the soil, whence 
they are borne by the waters to the lake. Dr. Miiller gave an accoaut 
of a memoir of M. Schumann on the DwdeniacecE of the high Tatra. 

The extraordinary warmth' of the month of December, 18G8, occasioned 
in the month of February, 1869, the fiorescence wholly exceptional of 
forty-six different species which have been observed in oar environs by 
M. Beater. 

§ 7. Zoology— Physiology. 

Madame Delessert and her daughters have merited oar gratitude not 
alone by the gift of the valuable herbarium already mentioned, but by 
the rare collection of shells with which they have enriched our museum, 
an<l which will be one of the finest oniaments of our future academic 
buildings. This collection has not only the merit of being very rich in 
remarkable specimens, but possesses a special scientific value in hav- 
ing served as a basis for the labors of Lamarck, who himself named 
most of the shells then existing in the Delessert collection. The entiie 
donation has arrived without accident in our city and been deposited 
provisionally in the municipal school of Saint Oervaia. Two of our 
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members, MM. Be Loriol and Lunel, had rejiaired to Paris in order to 
saperinteiid the packing and transportatioQ. 

M. De Saussure presented us a memoir vrbich he has just completed od 
the Orthoptera of the museum of Geneva. The author thinks that there 
Las been au error heretofore iu the appreciation of the segmeut in the 
BlatttE described as the first abdominal segment, and that tliis segment 
l>ertains to the thorax. This opinion is npt shared by M. Olaparede, 
who has often observed tiie soldering of certain segments, and who 
points out the difScult; of determining in dried insects whether the 
segments are severed or nob. M. I>e Saussure has, moreove^, favored us 
with a view of sundry specimens of Fha»cmi, which have no defense 
against their natnral enemies, and only escape by a complete immobility, 
wliich causes them to exactly resemble twigs of dead wood. 

Professor Claparede read to us au interesting memoir on the Lumbrici, 
which will be printed in the ZeiUchrift fiir icisaensdtaftliche Zooloffie. He 
communicated the recent discovery of au Italian savant who has recog- 
nized in the coloring matter furnished by an Anrtelid of the Gulf of K^a- 
plea the chemical product lately detected in coal and designated by the 
name of Aailittc He has verified the presence of the same coloring 
principle iu the Fhridea and iu the Murex brandaris; it was this latter 
mollnsk which supplied the ancients with their purple. 

M. deCandoUe presented a paper of M.Beinsch, inspector of mines at 
Gotha, who states that he has recognized microscopic organic remains, 
both animal and vegetable, in certain granitic rocks which have been 
reputed until now to be of an igneous or eruptive nature. In connec- 
tion with this subject, Dr. Midler mentioned a phenomenon which has 
some analogy with the preceding ; the existence^ namely, of organized 
living creatures in the water of Uie geysers of Calitiomia, at a tempera- 
ture of 950, (202° Fahrenheit.) 

tlL De Saussure gave an account of researches into the deep-aea fannas, 
which M. De Poortales. who accompanied M. Agassiz in bis voy^e to 
Brazil, has recently published. 

Dr. William Marcet communicated his inquiries into the aneesthetic 
effects of the inhalation of protoxide of nitrogen. He thinks this gas 
l>y no means entitled to the name of exhilarating. The antesthesis is ob- 
tained in a very marked manner when the gas is respired for one or 
two minntes, but it does not continue beyond two minutes ; after which 
every unpleasant symptom ceases completely. If, however, the inhala- 
tion be unduly prolonged, syncope and very serious accidents saperveue. 
Dr. Sharpey, of London, who waa present at.the sitting, confirmed these 
results; he was confident that the inhalation of the gas for two min- 
utes at most is completely exempt from danger, aud consequently very 
useful for short operations, such as the extraction of a tooth. But it is 
verj- hazardous to prolong the inhalation beyond two minutes. 

The president of the society recounted the results of a scientific in- 
vestigatiou, at which he had assisted, having for its object the employ- 
ment of protoxide of nitrogen as an ansesthetic agent. The recognition 
of its properties as such was unanimous, and its harmlessness, providetl 
the inhalation be not prolonged, was likewise admitted. But its em- 
ployment was proscribed if the operation should require more than one 
or two minutes. The persons treated after this method in the presence 
of Dr. Lombard, presented no grave symptom nor any acceleration of 
the pulse or respiration. The insensibility appeared to be complete, 
judging from the representations of those upon whom the operation was 
performed aud who were interrogatetl with care by several physicians 
who assisted iu the experiments. ,-. , 
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Dr. Prevost commaQicated to as his researches in experiuiPDtal physi- 
ology relative to the seat of the sense of smell. This memoir has been 
published in the March nnmber (18419) of the Archives des sciences phy- 
siques ct naturelles. He also made us acquainted with the experiments 
Trhich he had performed at Paris a»d Berlin iu the estirpatioa of tlie 
epheuo-palatiue gauglion, an operation Tvhich, iu the opiniou of Dr. 
^hifif, must suppress the sense of taste in the anterior part of the 
tongue. The exi)eriments iu question gave, however, a negative result. 
M. Prevost also recalled the experiments of Dr. Waller on the atrophy 
of the peripheral nerves when separated from the central trunk. Ac- 
cording to this learned physiologist, if the vidian branch of the lingual 
nerve received gustatory uervons fibers, this branch would be atrophied 
after the section of the spheno-palatine ganglion; this, however, has 
not been found to be the case by M, Prevost, who has always found it 
unimpaired after the operation. 

Dr. Dor gave an account of new experiments made with a view to de- 
termine the velocity of the transmission of sensations. 

Dr. Go&se presented sknlls found by Dr. Fore) de Merges in an an- 
cient cemetery near Saint-Prex. These skulls are artificially deformed 
for the purpose of producing a flrontal depression. Similar cases had 
been previously obaer\*ed byM. Troyon near Lausanne, and by M.Oosse 
ueai* Begny. This flattening of the front by means of a board was a 
national custom among certain tribes, and especially among the Avari. 
Depressed skulls have been fonud at Vienna, in the Crimea, and at Van- 
couver's Island. A traveler in China relates that they occur also in 
Mongolia, iu very ancieut skulls. A memoir published at St. Peters- 
burg designates them by the name of macrocephalic, but this t«rm might 
create some confusion with the Macrocephali of Hippocrates aud Strabo, 
among whom the object was rather to produce protrusion of the fhintal 
bone. This frontal depression causes ordinarily a certain degree of 
prognathism ; it does not impaur the functions of mobility, but simply 
lowers the gi^eof intelligence. 

Such is a summary review of the facts which have occupied our ses- 
sions. It will be seen that they are alike numerons aud varied, and 
furnish renewed testimony of the scientific zeal which still subsists 
among us. May onr unpretending labors have the effect of enlarging 
the field of human knowledge, and consequently of promoting the dif 
fusion of light iu oar country. We shall thus have accomplished, as far 
as depends on us, the purpose which presided at the fonndatiou of onr 
society ; a society which already cotmts netu'ly eighty years of existence. 
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COROMDO'S MARCH IN SEARCH OP THE "SEVEN CITIES OP CIBOLA" AND 
DISCUSSION OF THEIR PROBABLE LOCATION. 



By Brevot Brigadier Gonoral J. H. Simpson, Colonel of Engiat 



The early Spanish explorations in Mexico in search of the " seven cities 
of Cibola " have always been of great interest to students of American 
history. Kecent publications have drawn my attention anew to the 
vast geographical field embraced in the toilsome march of Vasquez de 
Coronado and his adventurous followers, and, having in years past been 
engiiged officially in the United States service in exploring that remote 
region, I have been tempted to reinvestigate the grand enterprise of the 
Mexican government in 1540, and venture to offer the following essay as 
an expression of my well-considered views, derived, in early life, from 
observation of the field itself, and confirmed by careful study of all the 
authorities within my reach. Besides this, friends, in whose opinion I 
trust, believe that my reconnoissauces of a large part of the country 
traversed by Coronado and his followers give me some atlvaotages in 
the discussion of this subject over other investigators, who have not been . 
favored by personal inspection and scientific location of the important 
ixiints embraced in the adventurers' mai-ch, so that I now submit my 
conclusions with less diflidence than I should have done had I not re- 
ceived in advance their cordial epcouragemeni, 

I must acknowledge my indebte<luess to the library of the Peabody 
Institute of this city, to the library of the Historical Society of Mary- 
land, and to the private library of the president of this last-mentioned 
society. Colonel Brautz Mayer, all of which have been thrown open to 
me in my researches. I must also express my particular obligations to 
Colonel Mayer for the very valuable aid he has aflbrded me in the pre- 
paration of this article, by the use of his excellent translation (yet in 
manuscript) of Ternaux Compaus' version of the " Relation du Voyage 
de Cibolii,'' entrepris en 15i0, par P^dro de Castaueda de Nagera," pub- 
lished in Paris in 1838. 

The arrangement of the following essay is, first, a brief narrative of 
the march of Coronado from the city of Mexico to the " seven cities of 
Cilwla" and the province of Quivira, together with an account of the ex- 
{teditions of his subordinate officers, naval and military ; and second, 
the discussion of the subject of the location of the important places 
visited in the several expeditions ; and, in order toaclenruuderstanding 
of the text, I accompany it with a map, for which, under my direction 
as to details of route, I am indebted to Mr: N. H. Hutton, civil engineer, 
whose kuowleflge of New Mexico and Arizona, derived from his associa- 
tion with Generals Whipple and Parke, as assistant engineer, in their 
exi)loration8 in New Mexico and Arizona in 1853-'5(i, has been of mate- 
rial service to me. 

In the year 1530, Nufio de Guzman, president of New Spain, was in- 
formed by his slave, an Indian, from the province of Tejos, situated 
Somewhere north from Mexico, that in his travels he had seen cities so 
large that they might compare with the city of Mexico; that these 
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cities were seveo in uumlier, and had streets whiuli were esclnsively oc- 
cupied by workers in gold and silver; that to reach them a joaruey 
of forty days through a desert was required ; and that travelers peoe- 
trated the ioterior of that regiou by directing their steps northwardly 
Itetween the two seas. 

Nuiio de Guzman, confidently relyiug on this inforniatioa, organized 
an army of four hundred Spaniards and twenty thousand Indian .illies 
of New Spain,* and set out in search of these seven wonderful cities; 
but, after reaching the province of Culiacan, he encountered such great 
difficulties on account of the mountains he had to cross that he ubao- 
doued the enterprise, and contented himself with colonizing tbe prov- 
ince of Culiacan. 

In tbe mean time, the Tejos Indian who had been bis guide dying, the 
seven cities remained only known by uame, till about eight years after- 
ward, when there arrived in Mexico three Spaniards named Alvar 
yufiez Gabe^a de Vaca, Andres Dorantea, and Alouso del Castillo 
^laldonado, accompanied by an Arabian negro named Estevanico, (Ste- 
pben.)t These persons had been wrecked with the fleet which I'aui- 

' Custatieda'B BclatioDs, Temaiix Compans* Collections, Pnria, 1B3H, p. 3. Haklnyl, 
ijuotinK from a letter written liy tlio Viceroy Antonio de Menilof A to tbe Eniperor 
CharlPK V, says r " NdQo de Gnzman ileiiarted out of tbe city of Mexico with H<0 
huraemcn and H,000 Indians." (Uokluyt a Voyages, vol. iii, p. 436, uew ed. London, 

tXliis is according to Cnstailcdn'saccount ; but according t^i that of Cab«f a de Vaca, 
Tumaiix Compans' Collections, thcso iMTSons arriveil in tievi Spain in 153C, or six iu- 
Hteod of eight years after Nu!lo de Guzman's expedition. Tbeir odventucos nere so 



Cruz (supposed to be Tampa l)ay) in April of that year, and on the lat May debarked 
with thn» hundred men, forty of whom were montited, for tlie purpose of exploring 
the interior of the country. His course was northwardly, and generally parallel to 
the coast. Oq the 26th Juno he reached an Indian town calliM Jpaladlf, where he 
tlirrted twcQty-tive days. He then journeyed in nine days to a place railed Autc 
Continuing his course thence west wardly for several days, his meu became so dispiriteal 
from finding no gold, and on account of the rough trcntuiont uf the natives, that they 
returned tu Aill«, where, heaiiug nothing of their ships, which had been ordered to 
Koaet along with them and await their arrival at some good harbor, they constracted 
live soibII boats, in which two hundred and fifty of tho party (nll'Wbo hiid not Jietlar 
been killed by the uiitives) emborked, steering along the coast westwardly for Panoco, 
on the coast of Mexico. At length they reached the mouth of a river, the current of 
which waa so stnmg as to prevent their making headway against it, and whose fresh 
water was carried out some distance into t he giill. About seven days ancr, while making 
their way with great difficulty wcstwardly, the boat commandud by Cabe^a de Vaca 
waa cast on an island, called by them Haluoilo, (Misfortune.) A day or two alter this 
Cabe^.a de Vaca's boat and all the others were capsizeil in a storm off the island of 
Malhodo, except tliat of the govemoc of Narvoez, which seems to have drifteil oat 
to se.i, and, with its crew, was never afterward heard of. Those of the patty that 
were not drowned remained on the island of Malliado and main land a<Uacent tor six 
years, and endured from the Indians, who bod enslaved them, the greatest iudignities. 
From this cause, and from starvation and cold, the ei'eater iiortion of tlieiu dieiL At 
length four of them, (those mentioned in the text above,) all that probably nurvived, 
eHcape<l from their bondage, taking in their flight a northern course, toward the 
inonutains, probably, of Northern Alabuma. Thence their course was weeln-ardlv 
ucRKts the Mississippi (which was doitblless " the great river coming from the North.'' 
spoken of by Calie(a) and Arkansas rivers, to the headwaters of the Canadian, uliieh 
tiiey seem to have ci'oased just alwve tho great cafion of that river, (where Corouodo 
crossed it in Jiis outward route to Qnivini, of which more in tho sequel;) thence 
south west wanlly through what is now Kew Mexico and Arizona to Culiacan, in Old 
Slexieo, near the Pacific Coast, which they reached in the spring of IKIti. (See narra- 
tivi- of Alvar NnBeg Cabofa de Vaca, translated by Itnckinghaiu Smith, Washington, 
l^.'>t ; and, in confirmation of tho above specified crossing of tho Cauodiau Biver, 
■■ Tlic- lieUtlons of Castaileda, iiy Tcrunnx CompanK," p. 1^00 
Mr. Albert GoUatin, in hla essay, vol. 2, pp. &(>,57, TrauBoctiottaQf Amedean Ethno- 
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philo de ITarya<^z bad conducted to Florida, and after crossing the 
GODDtry from one sen to the other had reached Mexico. 

The t^es they told were qait« marvelous. They stated to the then 
vieeroyj Don Antonio de Mendo^a, that they bad carefally observed the 
country through which they bad passed, and had been told of great and 
powerful cities, containing houses of four or five stories, &c. The vice- 
roy communicating these declarations to the new governor, Francisco 
Vaaquez de Coronado, the latter set out with haste to the province ot 
Culiacau, taking with him three Franciscan friars, one of whom, by 
name ^larcos de Nt^ in the language of the chronicler Castaneda, was 
theologian and priest. As soon as he reached Culiacan be dispatched 
the three Franciscans, with the negro Stephen before mentioned, on a 
journey of discovery, with orders to return and report to him all they 
could ascertain by personal observation of the seven celebrated cities. 
The monks, not being well pleased with the negro on account of his 
excessive avarice, scut him in advance to pacify the ladians through 
whose country he had previously passed, and to prepare the way tor the 
successful prosecution of their journey. Stephen, as soon as be reached 
the country of the " seven cities of Cibola," demanded, as Castaneda 
says, not only their wealth but their women. 

The inhabitants not relishing this killed him and sent back all the 
others that bad accompanied him, except the youths, whom tbey retained. 
The former, flying to their homes, encountered the monks before men- 
tioned, in the desert sixty leagues from Cibola.* When the holy fathers 
beard the sorrowful intelligence of the death of Stephen, tbey became 
so greatly alarmed that, no longer trusting even the Indians wbo had 
accompanied the negro, they gave them all they possessed except the 
ornameutB used in the celebration of the mass, and forthwith returned, 
by double-days' journey, without knowing more of the country than the 
Indians bad told them. The monks returning to Culiacan, reported 
the results of their attempted journey to Coronado, and gave 
him such a glowing description of all the negro had discovered and of 
^hat the Indians bad totd them, "as well as of the islands tilled with 
treasure, which they were assured existed in the Southern sea,"! that he 
decided to depart immediately for Mexico, taking with him Friar Mar- 
cos de Ni^a, in order that he might narrate all he had seen to the vice- 
roy. He also magnified the importance of the discovery by disclosing 
it only to his nearest friends, and by pledging them to secrecy. 

Arrived at Mexico, he had an interview with the viceroy, and pro- 
ctaimeil everywhere that he had found "the seven cities" searched for 
by Nuno de Guzman, and busied himself with preparing an expedition 
for their- conquest. Friar Marcos having been made, through the influ- 
ence of the monks, the pioviueial of the Franciscans, their pulpits re- 

lof^ical Society, states tliat the river referred to above, whose carrent was so straiif; 
and nlikli Kiirvauz'Hpsrty could not Btem, was tLe Misaisaippi; but this is uot the view 
of Mr. Smith, wUo lias laid doivti the routes of Narvilez anil party as cxteutliug no 
further west than Leaf Biver, which lies t^i the eastward of the MisHiaaippi River. His 
idea, however, that the island of Santa Itos-t, at the mouth of Pcnaacola Itay, was 
Malbodo, I think erroneouB. for the reason that Cabe(a de Vaca exnreaaly sayH this 
island woa " linif a lua^ie broad and five lengues (or seventecu niiica) louc," whereas 
Santa Rosa Island, according to tlie maps, is at much as forty-seven miles long. It ia 

Etwible, however, that by accretions the island may have attained this length since 
alie^'a de Vaca was wrecked upon it. 

■ Su saya Castaneda ; but Marcos de Ni^a, In his account of liia joumcir, dintinctly 
KtAt«s that he approached so near the city of Cibola that from a high elevation becoulil 
the houses, aud gives quite a particular dcscriptiou of them. (Relation of Friai 
rerifl de Nicit. Ternniix Comnans' Collections. i>. 270.^ 
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Bounded with the marvels of discoveries to sach an exteiU that in a few 
days three hundred Spaniards and eight hundred Indians were assem- 
bled for the enter[>ri8e. Among the former were a great many gentle- 
men of good family, and probably there never had fi^n sm expedition 
in which there was such a large proportion of persons of noble birth. 
Francisco Vasqiiez de Coronado, the governor of New Galicia, was pro- 
claimed captain general, because he was the author of the diHcorery, 
and the Viceroy Mendo^a did all he could to foster the enterprise. 

Believing that if the army marched from thecity of Mexico in a boily 
thelndian allies would probably sufier, the viceroy appointed the town 
of Compostella, capital of 2few Galicia, one hundred and ten leagues 
from Mexico, as the place, and Shrove Tuesday, 1540," the time of ren- 
dezvous. The troops ha\'ing left Mexico, be ordered Don Pedro d'Alar- 
uon to depart for Lu Nativitad, on the coast of the " Southern Sea," and 
with two vessels to go to Jalisco to take the supplies which the soldiers 
could not transport. After performing that duty he was to follow the 
march of the army along the coast, for it was believed, according to the 
then received accounts, that the army would never be distant from the 
vessels, and would always be in easy communication with them by 
menus of the rivers-t 

All these dispositions having been made, the viceroy departed for 
Compostella with a large body of gentlefolks. Everywhere he was re- 
ceived with great Mat, and when he reached Compostella be foand the 
army well lodgetl and entertained by Christoval d'Onate, captain general 
of that country. 

He reviewed the troops, by whom he was received with great rejoic- 
ing, and the next day after mass harangued them. He told them of 
their duties and of the advantageous result that this conquest would 
produce, not only on their fortunes, but by the couversion of the nations 
they would conquer, as well as for the service of bis Majesty, who on 
his side promised them his bounty and additional favors. Finally he 
caused every one to be sworn on a missal containing the Holy Evangels 
not to abandon their general and to obey all bis commands. 

The next day the army with banners dying took up the line of march. 
For two days the viceroy accompanied it, and then returned to Mexico. 
JJo sooner, however, had the viceroy left the army than it began to ex- 
perience all the hardships incident to a wild, mountainous country*. The 
baggage had to be transported on horses, and, as many soldiers had 
never been accustomed to load tbem, they made sorry work of it. The 
cousequence was that a great deal of their baggage was abandoned, and 
iu order to get along at all many a gentleman had to become a mule- 
teer, and they who shirked from this necessary labor were regarded by 
their compauious as lacking spirit. 

Coronado arriving at Cliiametta with his army, met at that point 
Captains Melchior Diaz and Juan de Saldibar, who with a dozen reso- 
lute men, by Corouado's orders, had explored tlie country as far as Chi- 
chilticale, which is on the border of the desert and two hundred leagues 
trom Culiacan.| These officers gave in secret to the general such a dole- 



of tlloexiH'ili 

t AccnnliuK to "Los Tits Sii;ICHiile Mexici , . _, , . , ,„ 

diapatuhcil AlarcoD, with two ahips, tu obscrvo the coast aa far as tlio 36th dcgr<« of 
latitude, with iuatmctiouH tviuuke frc<|iient embarkatious aud to join thaunuy at that 
beiiiht." 

t Castafleda gives in one place two himdrnd leagnes aa the distnnco ; nnil in aootber, 
two hundivd and twuuty leagnes. Sue hia Kcl. Teruaux Compans' CoL, pp. 12, 39. 



COEOKADO'S HABCH. 313 

fill !M!count of the eonntry they had passed threngh, that, it leaking oat, 
many id the anoy hegan to lose heart ; and It was only by Friar Marcos 
de Ni^a iusisting upon it, that the country was a ^lod one, and that 
they abonld not leave it with empty hands, that they were persuaded to 
continue the march. 

The (lay after Easter, the army took up its march for Culiacan, at 
which place ihey were well received by the citizens and furnished with 
all ueccssary supplies. This was the last town inhabited by Spanianls, 
aud, therefore, the last from which they could gather provisions, except 
from tlie Indians with whom they might meet in their further march. 
It is represented by Castaueda, as being two hundred and ten leagues 
from the city of Mexico.* 

Afterrcstingacoupleof weeks at Culiacan, Coronado led the advance 
of his army, consisting of fifty cavaliers, a few infantry, his particular 
friends, and the monks, leaving the rest of the army with orders to march 
a fortnight after, and to follow his path. Aa Oastaueda, describing his 
progress, expresses it, " when the gensral had passed through all the 
inhabited region to Ghicbilticale, where the desert begins, and saw that 
there was nothing good, he could not repress his sadness, notnithatanding 
the marvels which were promised further on. Ko one save the Indians 
who accompanied the negro had seen them, and already on many occa- 
sions tbey had been caught in lies. He was esiiecially afflicted to find this 
Chichilticale, of which so much liad been boasted, to be a single, ruined, 
and roofless house, which at one time seemed to have been fortified. It 
was easy to see that this house, which was built of red earth, was the 
work of civilized people who had come Irom afar. 

" On quitting this place they entered the desert. At the end of fif- 
teen days they came within eight leagues of Cibola, on the banks of a 
river which they named Venn^o, in consequence of its red and troubled 
water. Mullets resembling those of Spain wero found in it. It was 
there that the first Indians of the country were discovered; but when 
these saw the Spaniards they fled and gave the alarm. During the night 
of the !*ncoeeding day, when not more than two leagues from the village, 
some Indians who were concealed suddenly uttered such piercing cries 
that our soldiers became alarmed, notwithstanding they preten(ie<l not 
to regard it as a surprise ; and there were eveu some who saddled their 
horses the wrong way, but these were men who belonged to the new 
levies. The best warriors mounted their horses and scoured the coun- 
try. The Indians, who knew the land, escaped easily, and not one of 
them was taken. On the following day, in good order, we entered the 
inhabited country. Cibola was the first village we discovered ; on be- 
holding it the army broke forth with maledictions on Friar Marcos de 
Nif a* God grant that he may feel none of them 1 

" Cibola is built on a rock ; this village is so small tbat, in truth, there 
are many farms in New Stiain tbat make a better appearance. It may 
contain two hundred warriors. The bouses are built in three or four 
stories ; tbey arc small, not spacious, and have no courts, as a single 
court serves for a whole quarter. The inhabitants of the province were 
nnitcd there. It is composed of seven towns, some of which are larger 
and better fortified than Cibola. These Indians, ranged in good order, 
awaited us at some distance from the village. They were very loth to 
accept [leacc ; when they were required to do so by our intJ.ii'preters, 
they menaced us by tbeir gestures. Shouting our war-cry of Saut lago, 
we charged upon and quickly caused them to fly. 



* CastAQoda'B Rvh, Teniaux Cumpane' Col., p. 1' 
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"Nevertheless, it was necessary to get possession of Cibola, vbich was 
no esisy achievement, for tlie road leading to it was both narrow and 
winding. The general was knocked down by the blow of a stoan as he 
moanted in the assault, and he would have been slaiu had it not been 
for Garci Lopez de Cardenas and Hernando d'Alviirado, who threw them- 
selves before him and received the blows of the stones which were de- 
signed for him and fell in large nnmbers ; nevertlieless, as it is iiD|>os- 
sible to resist the first impetuous charge of Spaniards, the village 
waa gained in less than an hour. It was found filled with provisions 
whicli were much needed, and, in a short time the whole province was 
forced to accept peace."" 

The main army, wliich bad been left at Cnliacau under the command 
of Don Tristan d'Arellauo, followed Ooronado as directed by bim, 
every one marching on foot, with lance in band and carrying supplies. 
All the horses were laden. Slowly and with much fatigue, after estab- 
lishing and colonizing Souora, and endeavoring to find the vessei.'^ under 
Alarcon already referred to, by descending the river, in which they 
failed, the army reached Cibola. Here they found quarters prepared 
for them and rejoiced in the reunion of the troops, with the exception 
of certain captains and soldiers who lisul been detached on explorations. 

Meantime, Captain Melchior Diaz, who had been left at Sonora, placed 
himself at the head of twenty-flve choice men, and under the lead of 
guides directed his steps towards the southwest in hopes of discovering 
the coasts. His course was probably down the Rio Sonora, and not 
finding the vessels there he doubtless marched northward, keeping as 
close to the coast as the rivers would permit him. After traveling 
about one Imudred and fifty leaguest it appears he arrived in a country 
in which there was a large river, called Kio del Tizon, whose mouth was 
two leagues wide. Here the captain learned that the vessels under 
Alarcon had been on the sea-coast, at a distance of three days' journey 
from that place. In the language of Castaueda, " When he reached the 
spot that was indicated, and which was on the bank of the river more 
than dfteen leagues from its mouth, he found a tree on which 
was written 'Alarcon has come thus far ; there are letters at the foot of 
this tree.' They dug and found the letters, which apprised them that 
Alarcon, after hanng waiteil a certain length of time at that spot, had 
returned to New Spain, and could not advance further because that 
sea was a gnlf; that it turned around the Isle of the Marquis, which had 
been called- the Isle of California, and that California was uot an island, 
but a part of land forming the gulf."t 

It appears that after a gootl detd of difficulty and a threatened attack 
from the natives, the party crossed the Kio del Tizon, on rafts, some five 
or six days' travel higher np, and continues! its journey along the eoast. 
Quoting from CastaQeda, " When the explorers had crossed the Rio del 
!^zou, they continued following the coast, which at that place turns to- 
ward the southeast, for this gulf penetrates the land directly toward 
the north, and the stream flows exactly toward the mouth from north 
to south." § No better description could be given of the relative posi- 
tion of the Gulf of California, with respect to the Rio Colorado flowing 
into it from the north, than the foregoing. 

This expedition was terminated by the death of Melchior Diaz, which 
occurred in a very singular manner, as follows : " One day a greyhound 
belonging to a soldier attacked some sheep which the Spaniards were 

' Caatafiedii's Kt^latious, Temaux Compans, pp. 40, 41, 4'i, 43. 

i CostaDiiln's Belations, Tcriiitux CompaDs, p. 4!). 

t CMtaficda's Belations, Temaux CompauB, pp. 50, 51. $ nnd, p. 104. 
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driving with them to serve as footl in case of need, when Captain Mel- 
cbior Diaz threw his lance at tbe beast, in order to drive tiim off. Ud- 
fortunately tlie weiipon stack in the ground with tbe point uppermost, 
and as Diaz conid not rein in his horse, who was at a gallop, quickly 
enough, it pierced bis thigh tbrongh and through, and severed his blad- 
der. The soldiers at once decided to retrace their steps, taking their 
wounded chief with them. Tbe Indians, who were always in rebellion, 
did not cease attacking them. The captain lived about twenty days, 
daring which be was home atoug with the utmost difficulty. When, 
at length, he died, all his troops retaroed in good array, (to Sonora,) 
without tbe loss of a single man, and after traversing the most dan- 
gerous places."* 

In this connection it'maybe interesting to give some account of Alar- 
-con's discovery of the Rio Oolora<lo. It wUi be recollected that he was 
ordered by tbe Viceroy Mendo^a to follow the march of tbe army with 
his vessels along the coast of the Southern Sea, as tbe Paeiflc Ocean 
was then called. From his relation to the viceroy 1 1 gather tbe following: 

On the 9th of May, 1540, Fernando Alarcon put to sea from La Nii- 
tivitad, in command of two ships, the Saint Peter and the Saint Cath- 
erine. He put into the ports of Xalisco and Agnaival, (respectively the 
ports of Compostella and Culiacan,)and finding Goronado and his army 
gone from this last-mentioned place, he continued his course northwardly 
along the coast, taking with him the ship St. Gabriel, which he found 
there laden with supplies for the army. At length arriving towards the 
upper end of what was till then believed to be a strait separating an 
island from the main land, hut which he discovered to be a gulf, (the 
Gulf of California,) be exi>erienced great difficulty in navigating, even 
with his small boats; and there were some in the expedition, he remarks, 
who lost heart and were anxious to return, as did Captaiu Francisco de 
Ullva, with his vessels, in a former voyage of discovery. Alarcon, it 
seems, however, had the necessary pluck, and, agreeably to the orders 
of tbe Viceroy Mendo9a, be was determined to make his explorations aa 
thorough as possible. After incredible hardships be managed to get 
his vessels to the bottom of tbe golf, ("aw /on4 du gvlfeP) Here he 
found a very great river, tbe current of which was so rapid, that they 
could scarcely stem it. Taking two shallops and leaving the others with 
the ships, and providing himself with some gunrs of small caliber, on 
tbe 26th of August, 1540, be commenced tbe ascent of tbe river by haul- 
ing the boats with ropes.} Ou bis way be met a large number of Indians, 

* Cnstaueda'H RelatioDB, Teninux Compuas, p. 105. 

tTernaiii CuiupnnB' Coll., p. W9-3i>i. 

t TIiR moat reliablu iufonuation in reliition to tbo Colorado Biver will bo founil in the 
report of Licuteuaut Ivua's oscont of tUut strciun id IS^. (Ex. Doc. No. — , KGth Con- 
gress, iBtBcssion.) .•••••••- 

" From his account the resioD M tbe month of tbo Colorado is a flat expanse of mnd, 
and tlio chHunelB tliat afford entrance from tho gulf arc shifliiij^ and cbauKeablu. Pot 
3U milcH above tbe moutb tbe naviKatton is rendered periodically dangerous by tlia 
fltrengtli and magnitude of tbo spring tides. 

"Between the tide-n-ater and Fort Yuma, wbicb is ISO miles firom tbe mouth, the 
prineipal obstraotionn are sand-bars, coQtiunally ahiftiag, hnving in some places bnt 
two fi>et of water upon them. There ate no rocks, but suogs are numerous although 
not very dnngerons. 

"For IBU miles above Fort Yuma tbo navigation is similar. Tho river [Misses tbrongt 
Beveral ibidns of bills aud mouuttiiua, fi>rmiiig gorges or canons, sometimiis of a con 
siderabtu size, lu these there is generally a better channel than in the valley. 

"In tbe next 100 miles gravelly burs are frctincnt, with many strelches of good rivor 
and allhongh tho bad places are morse, the channel is better Uian below. For the sue 
deeding 5(1 miles there ore many swift rapids. The river bed is of ooarso gravel and 
sand, and there aio some dangerous sunken rocks. Tbe Itlack CaOon, w]ucb 1b Sii> miles 
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vho made signs to bim to return don-Q tbe river, but hy good manage- 
ment lie so appeased tbem that be was enabled to reach a distance 
above tbe mouth of the river, sach that in two and a half days, on bis 
return to tbe ships, on account of the swiftness of the current, he made 
the same distance be had in fifteen and a half days in ascending tbe 
river. On this expedition he learned from the Indians be met, some 
particulars of the death of tbe negro Stephen, before referred to, at 
Cibola, and of there being white persons like themselves at that place, 
■who doubtless belonged to Coronado's army. Alaicon was, however, 
unable to communicate with the army ou account of tbe desert inter- 
vening between tbem, and tbe great distance they were apart. 

Befitting all bis shallops this time for a second voyage up tbe river, 
he left its mouth on the I4th of September, but was do more snctressful 
in this than iu his former expedition in communicating with Coronado. 
Having, therefore, reached as far up the river as he thought expedient, 
he planted a cross at that point, and deposited at its foot some letters, 
in the hope that some persons of Coronado's army, searcliing for news 
of tbe vessels, might find them. These letters, it has already beeu stated, 
were found by Melcbior Diaz on the liio del Tizon, called by Aiarcon 
the " Bon Guide," after the device of bis lordship Don Antonio de Men- 
do^a, and at the present day tbe Rio Colorado. 

At the end of Alarcon's relation to the viceroy be reports that he 
found the latitude, as given by the " patrons and pilots of the iMarquia 
del Valle," wrong by two degrees ; that be bad gone further by four de- 
grees than they, and that be bad ascended tbe river a distance of eigbty- 
five leagues.' This report of Alarcon's is very interesting from its great 
particularity and tbe many incidents it gives of tbe expedition ; it shows 
also that he was fully equal to the trust committed to him, and that 
no explorer could have done more to carry out tbe orders of the Viceroy 
Mendo^a, 

We will now return to the army nnder Coronado, at Cibola. This 
general immediately set to work to explore the adjacent country. Hear- 
ing there was a province in which there were seven towns similar to 
those of Cibola, he dispatched bitber Don Pedro de Tobar with seven- 
teen horsemen, three or four soldiers, and Friar Juan de Padilla, a Fran- 
ciscan, who bad been a soldier in bis youth, to explore it. " The rumor 
bad spread among its inhabitants that Cibola was captured by n very 
ferocious race of people who bestrode horses that devoured men, and as 
they knewuotbing of horses, this information filled tbem with tbe great^Kt 
astonish men t.'^t They, however, made some show of resistance to the 
invaders in their approach to their towns, but tbe Spanianls charging 
upon them with vigor, many were killed, when the remainder fled to tbe 
houses and sued for peace, offering, as an inducemeut, presents of cotton 
stuS*, tanned bides, flour, pine nuts, maize, native fowls, and soiiio 
turquoises. 

These people informing the Spaniards of a great river on which there 

Iod;;, IB now reachuil, and in it tbu rapids arc uunicrouH ninl difficult. C'lilvillc in soiuo 
six miles above tlie bead of tliia cnflon." (Li'tter of Geiii>m] A. A. IIiini|ilirryfi. CIiii>f 
of Corps of Engineers United Status Anny, to Secretary of War, June 'ii, lt%^, iii his 
Qununl report fur ISGH, part 2, p. 1195.) 

* Alarcon's ordera frutn tbo Viceroy Mondiita, an before BtAt«(l, in a note, v(>re to 
explore ax liigb as tlie 3(ith decree of latitude. According to liia own aceoiiut of Iho 
dislance lie wont up tbe Kio ikl Tiion, (Colorado,) ho must have uxpIore<l as far ub 
nliont thu 34th degree, and if lio went no higher np than -where Melcliinr Uioz fouud 
the treo. at tbe foot of which were letters lh>ni Alarron, nhowiog that (here was the 
biRhcRt point to which he hod attained, the bigheat latitude he reached must have be«a 
only nbudt tbe 33d degree. 

tCoBtafieda's Relations, TemiMix Compans, p. 59. . !■-• t 
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were ludians living, who were very tall, a report of the same on his 
return to Cibola was made by Don Pedro de Tobar to Coronado, who 
Bent out another party consisting of twelve men, nnder Don Garci-Lopez 
de Cardeuas, to explore this river. It appears from Gastafieda's Kela- 
tions that the party passed through Tusayan again on its way to the 
river and obtained from its inhabitaDts the necessary supplies and 
guides. 

After a journey of twenty days through a desert it seems they reached 
the river, whose banks were so high that, as CastaSeda expresses it, 
" they thought themselves elevated three or four leagues in the air." 
For three days they marched aloug the banks ofthe river, hoping always 
to find a downward path to the water, which from their elevation did 
not eeem more than a yard in width, but which according to the Indi- 
ans' account was more than half a league broad. But their eflbrts to 
descend were all made in vain. Two or three days afterward, having 
approached a place where the descent appeared practicable, the cap- 
tain, Melgosa Juan Galeras, and a soldier, who were the lightest men in 
the party, resolved to make the attempt. They descended until those 
who remained above lost sight of them. They returned in the afternoon 
declaring that they had encountered so many difficulties that they could 
not reach the bottom ; for what appeared easy when beheld from aloft, 
was by means bo wh&n approached. They added that they compassed 
about one-third of the descent, and that from thence the river already 
seemed very wide, which confirmed what the Indians sbitcd. They 
assured them that some rocks which were seen from on high, and did 
not appear to be scarcely as tall as a man, were in truth loftier than the 
tower of the cathedral of Seville.^ 

Castaiieda, after describing the fiirther progress of t>he exploring party, 
goes on to say: "The river waa the Tizon f Colorado.) A spot was 
reached much, nearer its source than the crossing of Melchior Diaz and 
his i)eople (before referred to ;) and it was afterward known that the 
Indians which have been spoken of were the same nation that Diaz saw. 
The Spaniards retraeed their steps (to Cibola) and this ' expedition had 
no other result,"! 

During the march they met with a cascade falling from a rock. The 
guides said that the white crystals hanging around it were formed of 
salt. They gathered and carried away a quantity thereof, which was 
distributed at Cibola.t 

*FoT 300 mUes the cut edgea of the table laod rise abmptly, often perpendicularl;, 
from the water's o<Ige, formmz walla from 3,000 to 6,000 feot iii hcieht. This is tha 

Cat canon of the Colorado, the most inagnificeut gorge as well as the grandest geo- 
..ical section of which we have any knowledge. 

Again, tlio caQon of the Colorado at the month of Omnd Biverisbnt a portion of tbe 
Btupendous chasm which its watcis have cut in the stTuta of the table lands, autl of 
which a general description has been given. At this point its walls havo an altitnde 
of over 3,000 leet above the Colorado, and the bed of the stream is about 1,200 feet 
above the level of the sea, or 500 feet bieher than those in the Black Ca&on. A few 
miles fiirtlier east, where the surface of the table lands has an altitude of nearly 7,ai|W 
feet, the dimeosiont of the coHon become, for more imposing, and its cliffs rise to the 
height of more than a mile above the river. (Report of Lieutenant Joseph C. Ives, 
Corps of Topographical Enginoera United States Annj, npon the Colorado River, 
IKjT-'se, Senate Ki. Doc. 30th Congress, 1st aesaion. Qcoli^^', chapter v, p. 42 ; Chap- 
tor vi, p. 54.) 

tCaetaAeda's Relations, Temanx Compane, p. 64. 

tLieiitenant Ives speaks of having fonud aalt on the Flax River, which CardeoM, 
partv undonbtedlf crossed or followed : 

"At noon to-day we came to the object of our search — a well-beaten Indian trial' 
ronniug toward Uio north. Camp was pitched at the place where it strikes the Flax 
River, and it is the intention to make the second attempt to-morrow to penetrate the 
unexplored region. Near by are several salt sprioKB, and scattered over tbe adjacent 
•arfitce are crystals of escellent salt." (Report of Lieatenout Ives, p. 117.) 
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I hare tlias briefly deacribed the explorations whic^ were made bj 
Coronado and his captains, as far as Cibola, on the northern edge of the 
great desert northw^ of Ghichilticale ; th6 branch expedition of Mel- 
chior Diaz from Sonora northwestward to and around the head of the 
, Gulf of Califoruia, after crossing the Tizon (Colorado,) in search of the 
vessels; the exploration of the ri%'er Tizon, by Alarcon, in boats 
for a dJstitDce of 85 Spanish leagues,* or about 290 miles, above its 
mouth ; the expedition of Don Pedro de Tobar from Cibola t« Tusayan, 
lying to the northwest of Cibola twenty-five leagues ; and the exploration 
of Don Garci Lopez de Cardenas from Cibola through Tusayan west^ 
wardly to the deeply cauoned river Tizon. 1 shall now give in as few 
words as I can some account of Coronado^s subsequent explorations to 
the eastward of Cibola. 

While the discoveries above mentioned were being made, some Iu> 
dians living seventy leagues towards the east, in a province called Cicny^, 
arrived at Cibola. There was with them a Cacique, surname Bigotea 
(Mustaches) on account of his wearing these long appendages. They 
had heard of the Spaniards, and came to offer their services and their 
friendship. They ofi^red gifts of tanned skins, shields, and helmets, 
which the general reciprocated by giving them necklaces of glass beads, 
and bells, which they had never before beheld. They informed him of 
cows, because one of these Indians bad one painted on his body." Cas- 
taueda goes on to say, but " we would never have guessed it, from 
seeing the skins of these animals, for they are covered with a frizzled 
hair, wtiich resembles wool;''t thus showing that they certainly were 
bufialoes. 

The general ordered Captain Hernando d'Alvarado to take twenty 
men and to accompany these Indians, but to return in eighty days to ren- 
der an account of what he might have seen. Alvarado departed with 
them, and " five days after they arrived at a village named Acnco, built 
on a rock. The inhabitants, who are able to send about two hundred 
warriors into the field, are the most formidable brigands in the province. 
This village was very strongly posted, inasmuch as it was reached by 
only one path, and was built upon a rock precipitous on all its other 
sides, and at such a height that the ball from an arqnebuse could scarcely 
reach its snmmit. It was entered by a stairway cut by the hand of man, 
' which began at the bottom of the declivitous rock and led up to the vil- 
lage. This stairway was of suitable width for the first two hundred 
steps, but after these there were a hundred more much narrower, and 
when the top was finally to be reached it was necessary to scramble up 
the three last toises by placing the feet in holes scraped in the rock, and 
as the ascender could scarcely make the point of his toe enter them he 
was forced to cling to the precipice with his hands. On the summit 
there was a great arsenal of huge stones, which the defenders, without 
exposing themselves, could roll down on the assailants, so that no army, 
DO matter what its strength might be, could force this passage. Tbeie 
was on the top a sufficient space of ground to cultivate and store a large 
aupply of corn, as well as cisterns to contain water and snow."} 

The Indians here, as at Tusayan, traced lines on the ground, and for- 
bade the Spaniards to pass over them ; but seeing the latter disixised 

'Common SpanUh league equals 3.42 Amurican miles. (United States OrdnuitM 
Hftonal.) 

t CastaDeda'^ Bclatiom, Temanx CompaDB, p. 68. " H est ici 1ft qaeation des bisona. t\Q» 
I'autenr norame toujours racaa. Je lue servirai doT^uavant Uq mot de bison." (Kote 
by Tcmaui Compans.) 

t CastaDoda's Belations, Tern anx CompaDB, pp. 66, 69, 70. 
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fbr an attack, they qnickly sued for peace, and preseDted to their cod- 
qaerors a sapply of birda' bread, tanned deer-skins, piue-nuta, ueeds, 
floar, and com. 

Three days' joarney thence Captain Alvarado and party reached a 
province called Tignex, vhere, on acconnt of Bigot«s, whom the inhab- 
itants knew, they were received very kindly; and the captain was so 
well pleased with what he saw that ho sent a messenger t« Gorouacio 
inviting him to winter in that country, which pleased the general greatly, 
as it made him believe that Ms afi'airs were growing bett«r. 

Five days' journey thence, Alvarado reached Cieuy(5, a vilUige very 
strongly fortified, and whose houses had four stories. He reposed here 
■with his party some days, when he fell in with an "Indian slave who 
was a native of the county ai^aceiit to Florida, the interior of which 
Fernando de Soto bad lately explored,"* 

This ludiao, whom they called il Turco, (the Turk,) on account of his 
resemblance to the people of that nation, spoke of certain large towns, 
and of large stores of gold and silver in his comitry,t and also of the 
coantry of the bisons, (buffaloes.) Alvarado took him as a guide to the 
bison country, and after be bad seen a few of them he returned to Tig- 
uex to give an acconnt of the news to Coronado. 
, In the order of events, Coronado, who had remained at Cibola with 
the main body of the army, hearing of a province composed of eight 
towns, took with him thirty of the most hardy of his men and set out 
to visit it OH his way to Tiguex. In eight or eleven days (the uarrative 
is here obscure) he reached this province, called Tutiihaco, which ap- 
pears to have been situated on the Itio de Tiguex, below the city of Tig- 
nex, for CaBtaQeda expressly states that he afterward ascended the 
river and visited the whole proviuee until he arrived at Tiguex. The 
eight villages composing this province were not like those of Ciboh^ 
bnilt of stoae, but of earth. He also learned of other villages still fur- 
ther down the river. 

*'On his arrival at Tiguex, Coronado found Hernando d'Alvarado 
with the Turk, and was not a little pleased with the news they gave 
him. This Indian told him that in his country there was a river two 
leagues wide, in which fish as large as horses were found ; that there 
were canoes with twenty oarsmen on each side, which were also pro- 
pelled by sails: that the lords of the land were seated in their sterns 
npou a dais, while a large golden eagle was affixed to their prows. He 
added that the sovereign of this region took his tissta beneath a huge 
tree, to whose branches golden bells were hung, which were rung by 
the agitation of the summer breeze. He declared, moreover, that the 
commonest vessels were of sculptured silver ; that the bowls, plates, and 
dishes were of gold. He called gold acodtis. He was believed because 
he spoke with great assurance, and because when some trinkets of cop- 
per were shown bim he smelt them, and said they were not gold. 
He knew gold and silver very well, and made no account of the other 
metals. The general sent Hernando d'Alvarado to Cicnye to reclaim 
the golden bracelets which the Turk pretended had been taken from 
him when he was made prisoner. When Alvarado arrived there the 
inhabitants received him kindly, as they bad done before, bat they pos- 

'CaataIle<la'sBeIati<iD8,Teniaux CompuDH, p. 72. ThebaeiD of tho Miwissippi Kivet 
AUiI tribotarios, iu farmer ilAya, neie includod iu Florida by the Spauianls. (See note, 
p. 90.) 

tTbe country of Qnlvini, vbich Coronadn, a» will be seen in tbe sequel, visitoil, and 
which, being adjooent to Florida, oa stated ubore, innst havo been situated in the coun- 
try tribntary to the Misaonri or Misaisaippi, aud not new the BioOnvode, aaM~~ "' 
mentutora bavo aupposed. 
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itively afflrnied tbnt they had do knowledge of the bracelets, aud thej 
assured liiin that the Tark was a great liar, who deceived him. Alva- 
rado, seeing there was nothing else he conld do, lured the chief, BigoteSy 
and the Cacique under bis tent, and caused them to be chained. The 
inhabitants reproached the captain with being a man without faith or 
tHendshi|), and launched a shower of arrows on him. Alvarado coo- 
ducted these prisoners to Tiguex, where the general retained them more 
than six months."* 

This affair seems to have been the beginning of Coronado's troubles 
with the Indians, which were subsequently increased by his exacting 
a large quantity of clothing, which he divided among his soldiers. 

Two weeks after Coronado left Cibola for Tiguex, agreeably to bis 
orders, the aimy under the command of Don Tristan d' Arellano took up 
its march firom that place for Tiguex. The first day they reached the 
bandsomest, and largest village in the province, where they lodged. 
" There they found houses of seven stories, which were se«n no- 
where else. These belonged to private individnals, and served as 
. fortresxca. They rise so far above the others that they have the appear- 
ance of towers. There are embrasm-es and loop-holes firom which lances 
may be thrown and the place defended. As all these villages have no 
streets, all the roofs are Sat, and common for all the inhabitants; it is 
therefore necessary to take possession, first of all, of those large houses ' 
which serve as defensea."t 

The army passed near the great rock of Acnco, already described, 
where they were well received by the inhabitants of the city perched 
on its summit. 

Finally it reached Tignex, where it was well received and lodged. 
The gooil UCW3 given by the Tturk cast their past fatigues into oblivioo, 
though the whole province was found in open revolt, and not without 
cause, for on the preceding day the Spaniards had burnt a village ; and 
we have already seen that the imprisonment of Bigotes and tke Turk, 
Httd the exactions of clothing by Corouada, had also very greatly exas- 
iwrated them. The result of all this was that the Indians generally re- 
volted, as they said, on account of the bad faith of the Spaniards, and 
the Litter retaliated by baming some of their villages, killing a large 
number of the natives, and at last laying siege to and capturing Tiguex. 
This siege lasted fifty days, and was terminated at the close of 1^0.^ 

After the siege the general dispatched a captain to Chia, which bad 
sent in its submission. It was a large and populous village, four leagues 
west of the Tiguex Biver. Six other Spaniards went to Quirix, a prov- 
ince composetl of seven villages. All these villages were at length 
tranquilized by the assiduous efforts of the Spaniards to regain the 
confldeuce which they had justly lost by their repeated breaches of 
feith ; but no assurances that could be given to the twelve villages in the 
province of Tiguex would induce them to return to their homes so long 
as the Spaniards remained in the country ; and do wonder, for no more 
barbarous treachery was ever shown to a submissive foe ttiau bad beeu 
shown to these Tigueans by these pithless Spaniards. 

So soon as the Tiguex River, (Rio Grande,) which had been frozen for 
four months, was sufficiently free from ice, the army took up its march 
on the 5th of May, 1541, to Quivira, in search of the gold and silver which 

'CantASeila's KrlatiouN, Temans Compans, pp. 76, 77, 78. 

tCaatoSeda's Belatiooa. Teman:: Compaus, p. 80. 

tCaataliFda says 154^ ovideutly an firor. aa may be Bec«rtainei1 by acoonDtinK for 
the time coDsamed bv thu anav in iU uarcti from Cliiametla, which it left on tb« next 
day after Eastor, IMO. (See autv, p. 12.) 
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the Turk had said could be foiiDd there. Ite route was via Cicu;^, 
twenty-five leagaes distant. The fourth day after leaving Cicuyd and 
crossing some niunntaius it reached a larf^ and very deep river, wbicli 
passed pretty near to Cicny^, and was therefore called the Ri»deCieuy6. 
Here it was delayed ft>ar days to bnild a bridge. Ten days after, on 
their uarch, they discovered some tents of tanned baffalo skins, inhabited 
by Indians who were like Arabs, and who were called Qiierecbitos ; 
continuing their march in n northeastwardly direction ihey soon camo 
to a village in which Cabe^a de Vaca and Dorantes (mentioned in the 
first part of this paper) had passed through on their way from Florida 
to Mexico." The army met with and killed an incredible number ot 
bafla1o,t and after reaching a point 2^ leagues (850 miles) from Tiguex, 
tbe provision giving out, Coronado, with thirty horsemen and six foot- 
soldiers, continued his marcirin search of Quivira, while the rest of the 
army returned to Tiguex under the commandof Don Tristan d'Arellano. 
The narrative goes on to say : " The guides conducted the general to 
Quivira in forty-eight days, for they had traveletl too much in the direc- 
tion of Florida. At Quirira they found neither gold nor silver, and 
learning from the Turk that he had, at the instance of the people of 
Cieuy(5, purposely decoyed the army far into the plains to kill the horses, 
and thus make the men helpless and fall an easy prey to the natives, 
and that all lie had said about the great quantity of silver and gold to 
be found there was false, they strangled him. The Indians of this 
i-egion, so far from having large quantities of gold and silver, did not 
even know these metals. TbeCaciquewore on his breast a copperplate, 
of which he made a great parade, which he would not have done had he 
known anything alwut those precious metals. The army, as stated 
above, retreated to Tiguex before reaching Qaiviiti. They took as 
guides some Teyans, through whose conntry they were passing, and 
were led l>ack by a much more direct way than that they pursued in 
coming. These Teyans were a nomadic nation, and being conatnntly in 
the pursuit of game knew the country perfectly." It is narrated they 
guided the army thus : Every morning they watched to note where the 
sun ruse, and directed their way by shooting an arrow in advance, and 
then before reaching tUia arrow they discharged another; in this way 
they marked the whole of their route to the spot where water was to be 
found, and where they encamped. " The army consumed only twenty- 

' It nill be recollected tlmt it was on iiironuation gi 
otberti, Maldonailo and tLu negto Estcvau, tbat tbiit 
anUi p. 310.) 

t TLo fuUowlng minnte and grapbic descrtplion nf tbe buffalo, »een by Corunodo nnd 
LUarniy, in takuufroaiGotnam,aH quotoilin Hukln.vt'a Vnyasea, vol. iii. "Tlimwiixuii 
are of tlie bignesa and color of onr bulls, biit Ibeir bonis are oot so great. Tliey liavu 
a gri'at bnncli npon tlieir fore-slionlders, and inoro hair upon their fore part than on 
their biiidi'r part ; and it is like wool. They have, as it were, a liorso mane npon their 
back bone, and uiiich bair, anil very long from tbe knees downward. They have grvat 
tufts of bait banging dowo tbeir forebcads, and it seemetb tbey have beuMla, because 
of tbtgreatBt«re of bair hanging down at tbeir chins and throats. The males have 
very long tails, and a great knob or flock at the end, so that in some respects tlicy 
reaembU tho lion, and in some otber the camel. They push with tbeir boms, they mu, 
tbey overtake anil kill a bor»o wlien tbey are in tbeir lage and anger. Finally, it is a 
Qcrce b<:ust of conntonauce and form of body. The horses fled from them, either be- 
canse of tbeir deformed shape, or else becanse they had never seitn them. Tlieir mns- 
t«ra hAve no other riches nor snbstance ; of them they eat, they drink, they apparel, 
they shoe themselves ; and of their hides they make many thjogs, as hunseB, shoes, 
apparel, and ropes; of their bones they make bodkins j of their sinews and hair, thread ; 
of their boms, maws and bladders, vessels; of their dung, lire; and of their calf Bkius, 
bndgetD, wherein they draw and keep water. To be short, they make so many things 
of them na they have need of^ or as may snOioe them in the use of this life." 

21 « :, Google 
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five days on the jonmey, aiiij even then mnch time was lost. The first 
time it had taken thirty-seven days."" 

" Un the road they passed a great number of salt marshes wliere there 
^as a considerable quantity of Halt. Pieces longer than tables and foar 
or five iuches thick were seen floating on the surface. On the plains 
they found an immense number of small animals resembling squirrels, 
and numerous holes burrowetl by them in the earth."! These animals 
were most unquestionably the little prairie-<)ogs whose villages have 
been so naively described by Washington lr\'iug and George Wilkins 
Ken<lall. On this march the army reached the river Cicuy6, more than 
thirty leagues below the place where they had before crossed it by a 
bridge. They then ascended the river, by following the banks, to the 
town of Cicny^. The guides declared that this river, the Cieny^, (no 
doubt the Pecos,) at a distance of more than, twenty days' journey, 
threw itself into that of Tignex, (the Kto Grande,) aud that subsequently 
it fiowed toward the east. Castaileda goes on to sny: *'It is believed 
that it (the Tiguex) joius the great river of Espiritu Sancto (Mississippi 
Eiver) tliat the party of Hernando de Soto discoverexl in Florida."! 

The army under Arellauo reaching Tiguex, on its return from the 
prairies in the mouth of July, lij'll, this officer immediately ordered 
Captain Francisco de Barrio-Nuevo to ascend the Uio de Tiguex (Rio 
Ornndc) in another direction with some soldiers on an exploring ex|>e- 
dition. They reached the provinces, one of which, conqirising seven 
villages, was called Hemes; the other, Yuque-Yuiique. 

Twenty leagues ((J8 miles) further in ascending the river, they came to 
a large and powerful village named Braba, to which the Bpauianls gave 
the uew title of Valladolid. " it was built on the two Itnnks of the river, 
which was crossed by bridges built with nicely-squared timber.''^ The 
country was very high and cold. From Brabfi the exploring party re- 
turned to Tiguex. Another party, it seems, went down the Itio de Tig- 
nex (Uio Grande) eighty leagues, where they discovered four large vil- 
lages, and " reached a place where the river plunged beneath the grouud; 
but inasmuch as their ordersconflned them toadistaneeof eighty leagues, 
they did not push on to thei>Iacewhere,accordingtothe Indians' accounts, 
this stream escapes again from the earth with considerably augmented 
volume." II 

■ CilBtanLilu'x Rclatiuua, pp. 133, 1:I4. 

t C:iiitanMlu'a KelnfiouH, Ti'rnaii}: CoinjuinH, p. l'J4. 

) " Vaiiiol'k NAMKfl OF THE MIS81SKII-P1 RiVRR.— I rcmFinl>er to Imve neX-n Id Ibe 
conrtw of my reading tlio followiuK Indian, Spanisli, and Frpuoh nanx^s a|i|)lii4l to iLi' 
river Miwiwippi ; and it may bo wi-II to reconi tlieiii in your niajn'^'ni' for juvnerva- 
tion, and i)n)lifibly to be augmented in number by ullier utmk'ntH of AnliTieuii liintory ; 

"IndUlH ttarnen. — Mico — kin|r of rivers; MeKclin-Sibi-Mesclia, Rreat anil Kilii UtveVr 
Natnoiti-Sipou — Fisb River; Okimo-chitt« — (jreat Water pat b — aChoctd iiump ; Jliftsee- 
■eepe ; Meaet-chaxBipi — old iiither of rivers, according to Du Pratz; Ualboacliia, 
aceurdinjr to llierviDe. 

"French. — Rivieru de St. Lonin; Riviere de Colliert ; MisHisslppi. 

"Spanifk. — Riu Grande; Rio Grande del Espintn Sauto; Rio ai? la Enlata ; Rio dels 
Paliitnda; Rio du Cbucbanua. 

"The Venici Ptolemy of 151DIayH itdovn, or, at least, marks a river witboni u name. 
sttbemteofitsemboticbDre. OriinsTypis, 1515; PiDedn's map, 1519 ; otber t'tolpniien, 
15S5 ; Cabef a do Vacn sa^ it in ITi'iii. De Soto crossed it in .Tune, IMt, and Oie<l in 
Louiaiaua. on tlio west bank of the MissisBippi, opponite tlie moatu of tbu llig Black 
River, May 31, 1543. 

"BRANTZ MAYER. 

" Baltimorr, October 15, 1957." 

—(Sec Historical Magazine, vol. 1, p. 342.) 

(CaBtafleda's Relations, Turuaux Compans, p. 139. 

il Caetulii'da's RclatioDB,TuniauxCompiinB, p. 141). Mr. Albert Gallatin, com mcnting 
on this pnB8ag«, (ays : " The aasertion that the nver was Jost nnder ground Wiw a mMake. 
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We shall now return to Coronado, whom we left at Qiiivira, It appears 
that, in consequence of his not arriving at Tigues at the expecte^l time, 
Don Tristan d' Arellano set out in seareh of bim with forty horsemen. 
At Cicny6 the inliabitants attacked Don Tristan, by which he was de-. 
layed four days. Hearing of the approach of Coronado, he contented 
himself with guarding the passes in the vicinity of the village till the 
arrival of tbe general. CastaCeda says that, " uotwitiistiinding be bad 
good guides, and was not incumbered with baggage, Coronado was forty 
diiysiu malcing the journey from Quivira.''" From Cicnye bejoiirneyed 
to Tiguex, wbcre he went into winter quarters, with the intention in the 
spring of pursuing his discoveries by pushing his whole army towanl 
Qnivira. 

" Wben winter was over Gorouada ordered the preparation to be made 
for the march to Quivira. Every one then began to make his arrange- 
ments. Nevertheless, as often happens in the Indies, tilings did not 
turn ont as people intended, but as God pleased. One day of festival 
the general went forth on horseback, as was his cn8tom,.to mn at the 
ring with Don Pedro Maldonado. He was tnonnted on an excellent 
horse, but his valets having changed tbe girth of his saddle and having 
taken a rotten one, it broke in mid-course and tbe rider nnfortunately 
fell near Don Pedro, whose horse was in full cai-eer. and in springing 
over his body kicked him in tbe liead, thus inliicting an injury which 
kept him a long while in bed and placed him within two fingers of 
deiiti!.''* 

The result of this was that being of a super-stitinus nature and hav- 
ing been foretold by a certain mathematician of Salamanca, who was 
his friend, that he should one day tlud liimaelf the omnipotent lord of a. 
distant country, but that he should have a fall which would cause bis 
death, he was very anxious to hasten home to die near his wife and 
children. From this time, CastatJeda states, that Cqronado, feigning 
himself to be more ill than he was, worked upon his soldiery in so subtle 
a way as to induce tbe greater part of them to i>ctition bim to retnm to 
New Spain. They then began openly to declare their belief that it was 
better to return, inasmuch as no rich country had been found, and it 
was not populous enough to distribute it among tbe anny. The general, 
finding no one to oppose him, took up his line of march on his retnm to 

This n-as. tiDdonbteilly, tbe place iD latitude 111'^ 3^, where the Rio del Nort«, cutting 
tbroucli the mountaiUB, cniptie«iutv a det^pauil inipnasuble cafion. from whicli it einur)^H 
soioe distauce below, as lias lieeu befure stated." (Seu Truuitactions uf Aniericaii Ethiio- 
lo^ical Siiciety, vol. ii, p. 71.1 

ill. Gallatia, tbuugh UHUall.v very judicious in bin remarks, I think is at fault here. 
Tlie caase of tho livor disappcaciug at (he point rererred to, and then appeiuring again 
fnrtlier down, waa not on account of ita entering a cHllon, wbicb the SpanianlH koiM 
have noticed and not been deceived about, but McauHc the Kio Tiguex, (Rio (jnindf,) 
like most of the rivera wbicb 1 have seen on tho )>lainH and in Nuw Mi'xico, is liiible, 
wben ver^ low, t« be lost in its sandy bed, and then to appear again furtber donn, wliere 
tbe sand is uot snlUcient to altsorb it. It is on this account, as 1 have seen, wben the 
bcit of tbe sun added its potent influence to cause a, river to disappear tbrough tile 
day, that during tho night, when this iuHuencc lUil not in-evail, it would again uppoor 
a mnning strenm. 

Humboldt refers to a disappearance of the Rio Grande, which appeals to have taken 
place about the same locality, and also attributes it to a wrong cause. " Tlic iiibab- 
itaota of Paao del Norte preserve tbe memory of a very extroordimu'y event which 
neciirred in the year 1752. Tboy saw, nil ut once, the river become dry, thirty leaguea 
above, and more than twenty leagues below, El Pasot tbe water of tbe river precipi- 
tated itself in a newly-fonne*! creviwse, ami did not appear again above ground until 
yon reach the Presidio do San Elezario." (Humboldt's Essni Politiiinc Siir lo Royaumo 
de In Nouvelle Hisna^e, eilition 1611, p. 30:1.) 



* Caatafteda'a Relations, Teruaux Coiupans, p. 143. 
t Coatafieda's Rclatious, Tcruunx Cooipans, p. 302. 
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Mexico in the boginning of April, 1542. He retarued by the way of 
Oibola aod ChicUitticale, as he had come- At length, after skirmishing 
with the ladiaos, ia which auumberof theirmenand horses were killed, 
the army reached Culiacaii. From this place Coronado departed for the 
city of Mexico, to make his report to the viceroy, only about cue htiu- 
dred of his army continuing ^ith him. "Castaileda says he was badly 
recei\'ed by the viceroy, who nevertheless gave him a discharge; yet he 
lost his reputation and soon after liis government of New Galicia also.'^ 
Thus ended this great expedition, which for extent in distance trav- 
eled, duration in time, extending from the sitring of 154U to the summer 
of 154^, or more than two years, and the muitijilicity of its codi>erHting 
branch explorations, equaled, if it did not exceed, any land expedition 
that has been undertaken in modern times. 



Having given a general account of the roiit«8 pursued by Coronado 
and hiu anuy and of the track of the transport vessels under Alar- 
con, I will now proceed to flx definitely, so far as I have been enabled, 
the iK>Hitiou of tbe several important places mentioned by Castaueda 
and other chroniclers. 

The iir.st important poiut after leaving the city of Mexico is Compos- 
tella, where the army rendezvoused prei»aratory to its setting out on its 
exi>edition. This point reached, the army, in an organized condition, 
took np its line of march along the foot of the west base of the Sierra 
Xevachi in the direction, west of north, as (ar as Sonora, on the Sonora 
Kiver; from this place it« course was most probably more directly 
towards Chichilticale, or northerly, through the mountains, as far as 
tbe plains of the lower portion of the Bio Santa Cruz, over which it 
continued its march to Chichilticale. 

The towns of .Comiwstella, Culiacan, Cinaloa, and Sonora, points of 
the routes, are laid down from the " military map of the United States," ■ 
recently issued from the office of the Chief of Engineers United States 
War Department. Tlie other points ore laid down from data obtained 
as follows: Chianietla, from "American Atlas, by Mr. Thomas Jeffreys, 
London, A. D. 1775;'* PetatlaD,3U leagues north of Culiacan according 
to Castaueda,f and four days' journey according to Jaramillo.] 

"With regard to the position ol the town of Corazonea, it is difficult, on 
account of the vagueness of the narratives of Jaramillo and Coronadu, to 
fix it. Jaramillo speaks of it as having been situated about five days' 
journey northwardly from the Yaquemi Itiver, and conveys the idea 
that it was near or on the Kio Sonora.S CastaOeda says, " in the lower 
l)irt of the valley of Sonora is that of the Corazones, inhnbited by 
Sttaniai-ds." [| Again, "Don Tristan decided to found and colonize a 
town called San Uierouimo de los Corazones ; but seeing that it could not 
prosper in this valley, he transferred it to a place called Seuora. 

'CnHtaneda'H Kelations, Temaiix Couipniis, p. 'Hn, (louiora says, "It i^ivved Doo 
Autoiiiu lie Mcuilofa very mucli that tho army returned home, for he Lad H|ient nliuut 
thri-e-scnTe tbonitaiiil pr*<>« of ^old >■■ tUe i'nter])rim) and owed a great Wiit thereof still. 
Jlany nought to have dwelt there, bat FraiiciHco Vasqnez de Coronndo, who was rich 
aud lately inanied a fair wife, would not coliiieiit, aayiog that they could not maintaiD 
noT defend themselveH in 80 iioor n country and so far trom succor. They traveled 
nboi>t OUO leagues in thia country." (Tlie rcHt of the voyage to Acuco, Tiguex, Cicuic, 
and <)uivirn, mini the Qenenil Hixtory of the Woat Indies, by F'roncis LopeE <le Goinoro, 
a» nimtcd by Hokluyt, vol. iii.) 

t CastaDiiln'H Rolatious, Temani Compaoi, p. 223. 

t JaTamillo*)) Relulinnx, n. :t65. 

^ Jara[uillii> KelnlinnH, Tcmaux CompaDS, p. 366. 

n Caslafiedu'K ICclutioiu, p. 157. 
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;8onora,) and it hae been so called to tbis day."* Again, in another 
part of bis BelatioDS, describing the jilaces between the Sonora Bi\'er 
and Chichitticale, be informs ua that " it vas forty leagues from Bonora 
to the valley of the Siiya, where was founded the city of San Hier- 
oniiuo."t Now, my idea is, that the towu of Corazones on the Sonora 
Biver was Sonora, so called because it was eminently the town of the 
province of Corazones, in nhieh it was situated; and that San Hieronimo 
de Io8 Corazones was situated, according to Corooado, ten or twelve 

, leagnes from the sea,^ and, as above stateil, forty leagues from Sonora, 
on the Suya Riv^r; which would place it about where I have located it, 
on a river which is now called the San Ignacio-t 

From Sonora the march was, according to Jaramillo, fonr days to the 
Nexpa River. Jaramillo says: "After leaving Sonora we made a journey 
of four days in a desert, and arrived at another stream, which we under- 
stood was called Nexpa, We descended the stream two days, tiutl we 
quilted it to the right at a foot of a chain of mountains, which we 
followed two days. They told us that it was called Chichiltivale. After 
liHTing left the mountains we came to a deep creek, the banks uf wbicb 
were escarped. After quitting this stream, which is beyond the Sexpa 
of which I have spoken, we took a northeast dtre^^tioii," &e.|| 

Now the Nespa, the stream they descended two days, I believe was 
the Santa Cruz, running in a northerly direction, (the proper <lirection 
of their march ;} the mountains, at the foot of which they also truveletl 
two days, were the " Santa Catariua Mountains ;" and the stream whicb 
they then reached was the Grila, whose deep be<l and i^scarpcd banks bo 
exactly correspond with the deaeription given by Jnramillo.5I 

The next important place was Chicbilticale. Hero was the Casa 
Grande of wbicli uo much bad been reported, and here the army com- 
menced its march nortbeastwardly across the great desert, on the far 
side of which were the seven cities of Cibola. That the Casa Grande 

. was so situated, with regard to Cibola, there is no dispute ; but of its 
exact location there is some question. 

Castaucda says: "At Cbicliilticale the country ceases to be covered 
with ttiomy trees, and cbanges its aspect ; it is there the gulf terminate^, 
and the coast turns fCest to 91*6 le golfese termine et que la cote tourne;) 
the mountains follow the same direction, and they must be crossed to 
reach tlie plains again."** 

• CaHtaHeila'B Relntions, p. 44. t Ibia,, p. 158. 

t The HDa(Oulf of California) retiirnetb ton'tirdn tbe n'cst, right against the Corazones, 
the npaceof l«n or twolvo leiwues. (Coronodo'e Rcl., Hakluyt, vol. iii, p. 448.) 

i iti this counectiuu it may bu pvrtirivnt to remark, tbut Sim Hipronimo <le los CorA- 
loiK-s, which seemx to liuve beeniiBortof de|M>t,wa«trnii8fi'rre(l tu Sonora; but appaani 
Mtill t.0 bavd been kept oa a poat, fur we are told that itomu of its Karrtson ileserteil it, 
for, aiDODK other reasons, that tlicy looked on it 08 usuIoks, " for tbe road to New Spain 
paBxed by a more favor.ilile iliructioii, Icaviug Suya to the riuht." ThiB will nccoimt 
for two routes being laid down on tbe accompuuyiuK map between Sonora and the 
Neipa River. 

I Jaramillo's Kelationa, Ternanx Couipans, pp. 367 and 36S. 

1i Mr, E. (!. Sipiier Biip|K)BeB tlic Nfxpii lo have been the Rio Gila, His lanicua;;e in: 
" Alloniiift :tO niilea tu, tlio day's march, wbicb is alMut the avera)j« nnder mvorablu 
circnmntunces, wo buvc 130 miles as the dintauco between the point on the Sounn 
River l<^t by Coronado in his advance and Chicbilticale, betwt«n loueitudes ICKN and 
1 10", This is, arcordinjc to the licat maps, almut tbe distance lietween the Sonora River 
and the Gilo, called Nexpa by tbe chronicler." (American Ii«view for November, 1041^, 
p, 6,) 

I cannot OKreo with Mr. Siinier in tho foreKOiDR statement, for the rensoo that tbe 
distance betncen the Sonora River and the Gilo, aceurdinf; U> tliu latest map isHued by 
the EnginecrDcpartmentof tbe Army, in not 130 miles, but as much as 2U0 mit^; ami, 
tbemlore, an many an eight or ten days' Journey inntcofl of four, 

*■ Castaneila's Relations, Teroanx Compans, p. 160. ^ 
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Xow this certainly shown that Castaileda believed CLichilticale iras 
situated at tbe head of the Gulf of Califoroia. But uceordiiig to Coro- 
nado'u report to the \iceroy Meudoya, this atisaredly was not the cmxi 
for he says: "I departed for the Corazones, and always kept by the sea- 
coast as oear as I could judge, aud, in very deed, I still tbiiiid myself 
the farther off, in such sort that, wbea I arrived at Chichiltieale, I fouud 
myself ten days' journey from tlie sea, and the father proviucial (Marcos 
de Ni^'a) said that it was only live leagues distant, and he bad seen the 
same. We all conceived great ^ief, and were not a little uout'ouuded, , 
when we saw that we found everything contrary to tbe iufonuatiou 
whieli he bad given to your lordship.''* 

In another place, Coronado states that the transport ships which had 
been ordered to cooperate with him had been seen olf the country ot 
the Corazones, on their way to "discover tbe haven of Chichiltieale, 
which Marcos do Nitja said was iu iive -and thirty degrees.''t 

The above certainly shows that both Ue Nt^-a and Castaiieda at oiit^ 
time beheved that Chichiltieale was at the head of the gulf; aud it is 
probable that both the transport vessels and army were ordered to 
communicate with each other at that point, on the supposition that it 
was a good harbor, and would be a capital place for a depot of supplies 
before entering the gi-cat <le3ert. But Coronado's re|>ort efiiectuatly 
explodes the idea of its having been fouud such; and if there were more 
])roof on this point needed, it would ajipear in the fact that neither 
Alarcon, who commandetl the fleet and jiassed up the Colorado River iu 
search of the army, nor Melchtor Diaz, who explored all around the 
head of the gulf, make any mention of having seen the place, which 
they most assuredly would have done had the,^' passed anywhere near it 

But wliere was tlie exact location of Chichiltieale f In my opinion it 
was on the Uio Gila at Casa Grande, in latitude ^° 4' 21" north, aud 
longitude 111'^ 45' west from Greenwich, and the following are my 
reasons therefor: 

It is distinctly stated by Castafieda that the place was marked by a 
Casa Grande, which, though tlien in ruins on iLccountof liaving been 
destroyed by the natives, had evidently been used as a fortress: that it had 
been built of red earth, and was evidently the work of a civilized i>eople 
who had come from a distance.^ 

Xow, the flrst ruin to be seen on the Gila, ascending it from its mouth, 
and the only one along its whole course which bears any resemblauee 
to that mentioned by Castaneda, aiid of which we have any record, is 
that described by Father Font, who, with Father Garces, saw it in 1775, 

* Iliikliift's Voyanes, vol. iii. p. 448. tibid, 

{ rnxtnnrda'H Relatioua, pp. 41), 161, 162, Mr. lilorguii, in b foot-not* to bin psiprr 
faefuN referred to, sayg : " Tbere in no rain on the Gila »t this present time that anawi^rs 
the above description," iind wems to have coDie to this iroiiclnitiou. becnnBi- C.i|)taiu A. 
R. JulinntoD, United StateA Anuy, in bis Journal, (i:. S. Eil. I)oc So. 41, !■»", p. 596.) 
enys, "The taunse van hnilt of asi)rt of wliitu earlli and iM-lihles, pnilmbly oontaininj; 
lime." Emory merely snys, '-The walls wero formi'd of layernof mud," (TlnrtietliCon- 
(•resn. First Sewion, Ei. Doe. No. 7, y. 82;) and Bartlett in his Personal Narrative, p. 
'J7-i, infuUDs us that "The walla are laid with larso square blocks, nnd tbe Diaterial u 
Ihi' nmd of the vallej[ mixed with Kravel." 

Mr. K, H.HQlton,RiviIen[^n<-<'r, assistant to Lieutenant Whipple, in W explorations 
for the Pacific Railroad in lSi>3-'r>4, and at present my iisidgtant.assnresnic tuathe h^ 
Mrn the locality and tbo niius, ami that tbe Casa had evidently been built of the earth 
in the vicinity, which is of a reddish color, IhonKh in certain reUecIiims of tbo same the 
bitilding appparcd tvhitish, on account of the jiebbles contained in the mass. Castanoda 
in bis Relations, p. 41. says; " L'ctte maisun, constmite en terru roagc;" and p. 161. 
'"'" * "'" • pays est roiijce." In addition, what more natural than that 
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on their journey to Monterey and the port of San Francisco, and wLieli 
same ruin was subsequently visited and described by Emory, of the Corps 
of To|>ographical EogineerH, in 1847. 

Father Font's description of it is as follows: 

" On the 3d of October, 1775, the vonimandant ordered us to hair, iu 
order that we might visit the Oaau Grande, known by the name of Monte- 
snina, situated one league from the Rio Gila. We were acconipanie<l by 
some Indians, and by the governor of Uturituc, who related to us on 
the way the tradition he ha<l received from his ancestors about this 
house, some of the particulars of which are doubtless fabulous and others 
again true. 

"The latitude of the locality we found by an observation of thesuuto 
be 3.3^°. 

" The Casa Grande, or palace of Montesuma, mast have been bnilt five 
buudi'cd years previou.sly, (in the thirteenth century,) if we are to Iwlieve 
the accounts given by the Indians ; for it appears to liave been con- 
structed by the Mexicans at the epoch of their emignition when the 
devil, conducting them through diSerent countries, led them to the 
promised land of Mexieo. The house is seventy feet tVoin north to south, 
and lilty from east to west.* The interior walls are four feet iu tliitOi- 
ne.'is; they are well constructed ; the exterior walls are six feet thick. 
The edilice is constructed of earth, iu blocks of <lilferent thickness, and 
has three stories. We found no traces of stairways ; we think they 
mast have been burnt when the Apaches burnt this e4hfice."t 

Emory's description, evidently of this same building — for the old maps 
place Father Font's Casa Grande on the lEio Gila, just above tlie Pima 
village, where Emory locates it — is as follows: "About the time of 
noon halt, a large pile which seemed the work of liuiuan hands was 
seen to the left. It was the remains of a three-story mnd-boUHc sixty 
feet square, pierced for doors and windows. ■ Tlie whole interior of tin' 
house had been burnt out, and the walls much del'a<*d.''J 

This description, though not precisely the same as that of FatluT 
Pont, yet is sufiBciently close, with the identity of the location, as before 
stated, to show that they have ix'fcrence to the same building. Now, 
Emory by astronomical observation found the latitude of bis ciimp near 
this locality to be 3J° 4' 21" north, and the longitude west from (ireen- 
wich 111° 4.y. Father Font, as before stated, determined the latitude 
to be Xi^° ; but as Emory had, without doubt, far superior instruments, 
his results are preferable. 

We have then, as we think, located Chichilticale, the site of Casa 
Grande, with a strong probability of accuracy. 

On Squier's map of Coronado's route, accomi>anying the paper on this 
subject, in the Transactions of the Ethnological Society, (vol. 2,) by 
All>ert Gallatin, I perceive that lie makes Coronado to cross the Gila iit 
Casa Grande, but places the latter in. aboat latitude 'i'2% and longitude 
110°; or more than a degive too far south, and nearly two degrees* too 
tar to the east. Xow, as •Tuau Jaramillo, who was a captain in <'oro- 
nado's expedition, in his rejmrt says the general direction of their march 
from Chichilticale to Cibola was noi*theast,§ a line drawn from Chichil- 

■Xspanioli Tuot in 6.0ViVJot an EiikIUIi foot. (United J^I.-lU-a Onlnaiire Miiiiunl.) 

t JuiU'iiuI uf Fiithur FuDt, of tliu ciill<-):i- nf tjimtu Cniz (if (jti -Ti-tiiiii. Apin'iiilix VII, 
CaHtciicilii'H Relations, Tomans Compniw' CuI1ect:i)nH ; huh niHr> IliitiilHililt'H " ICssai I'uli- 
tiqiin Slir III Royauiun dp la Noiivelio E!iiia;pie." i-dition of ISIl, ]>|i. :t[i. -i!)7, •ii-'. 

t Noti'H (if a inililary rci-ouiioiHsanco luiiild Ity Licnteuaut Culonc I Williaiii II. Cmory, 
CorpH of TupHgraiiliicul RDglDuem, Iu 1846-'47, irith tlie advance guard of tlie Army of 
theW(M*t, 1I.W. 

$ Jnnn JurouiUo's R(!latious, Tuniaas Compaoa' Collections, pp. 366, 369. , 
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ticale as laid down on Squier's map wonid not pasa through or near 
Zuia, (identical od his map with CilMla,) as it onfrfat to do, bat more 
than a degree to the eastof it ; thusHliowing hiepositioo of Ohicbilticale 
manifestly erroneous. 

Again, on the map of R. H. Kern, accompanying " Schoolcraft's History 
of the Indian Tribes of North America," lie places Cbichilticale as much 
as a degree of latitude soutb of the Gila and in longitude 109°. Here 
again a line in a northeast direction fVotn Ghichilticale would not pass, 
as it should, through or near Zuni, (identical, as Eeru thinki^, with Ci- 
bola,) but more than two degrees to the eastward of it; wbicb also shows 
bis position of Cbichilticale very considerably out of the way. 

The nest and most important inquiry is the exact locality of the seven 
cities of Cibola. Gallatin, Squier, Whipple, Professor Turner, and 
Kern, have contended for Zuni and its vicinity. Emory and Abert, on 
the contniry,bave conjectured that Cibolletta, Moquino, Pojnati, Covero, 
Acoma, Laguna, and Poblacon, a group of villages some ninety miles to 
the eastward of Zuiii, furnish the site of tbe seven cities ; an<i Mr. Mor- 
gan, as I have before remarked, in tbe North American Review for 
April, 1869, has advanced tbe idea that the ruins on tbe Cbaco, l.\'ing 
about one hundred miles to the northeast of Zu&i, more completely 
satisfy all the conditions of tbe problem which tbe accounts of Coron- 
ado's journey, by Castaiieila aud others, have imposed on its solution. 
To my mind, however, Zuiii aud vicinity present the strongest claims 
to being considered the site of tbe renowned cities, and the following 
are my reasons therefor : 

It seems that from Cbichilticale to Cibola, tbe direction of Corouado's 
route, according to Jaramillo, as before remarked, was generally north- 
east ; and Irom Corouado's report I extract in relation to it aa tollows. 
fie is speaking of what occurred after leaving Cbichilticale : 

" I entered tbe confines of the desert, on Saint John's day eve, and to 
refjresh our former travels we found no grass, but worser way of niouu- 
tains and bad passages where we had passed already ; aod the horses 
being tired were greatly molested tberewitli ; but alter we had passed 
these thirty leagues, we found fresh rivers aud grasses like that of Cas- 
tile, &a; and there was flax, but chiefly near tlie banks of a certaui 
river, which, therefore, was called El Uio del Lino, that is to say, the 
Biver of Flax -, we found no Indians at all for a day's travel, but after- 
ward four Indians came out unto us in i)eaeeable manner, siiying that 
they were sent over to that desert i)lace to signify unto us that we were 
welcjjme."* 

In addition to tbe foregoing, Castaneda says that in almut fifteen days 
from Cbichilticale " they arrived within eight leagues of Cibola, upon 
the banks of a river they called the Vermejo, on act'ount of its red 
'color;''t and Jaramillo remarks that in approaching Cibola " always in 
the same direction, that is to say, toward the northeast, they came* to a 
river which they cjtlled the Veroiejo ; that here they met one or two In- 
dians, who afterwards tbey reexignized as belonging to tbe first village 
of Cibola ; and that they reached this village in two days from when 
tbey bad first met them."t 

How let any one consult the accompanying map, reduced from the 
latest map issued by the Engineer Bureau at Washington, aud be will 



* Ilaklu.vt's Voyajtes, vol, iii, p. 449, 
tCastallwJa's RclnliuDB, Teniuiui Compana, p. 41. 
t JaramUlu'e BeUtious, Tuniaux Compana, p. 369. 
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see tbat Coronado's march from Chichiltieale, or Casa Grande, most 
have been very nearly coincident witli the route there laid down, to wit: 
in a northeasterly direction for the lirst thirty leagnes, over the rough 
Pinal and MogoDon Mountains; and then getting on the tributaries of 
the Rio del JAno,or Flax Itiver, where he found "fresh water and grasses," 
he followed up the Vermejo, or Colorado River, to Cibola,.or Zuili of the 
present day aud its vicinity, where he found the other eix cities. The 
distance by such route, between Cliichilticnle aud Zuiii, would be abont 
270 miles, or require a journey of 17 days, (about 16 miles a day,) tlie 
time it took Coronado to accomplish the distance ;• and this agrees quite, 
exactly with the distance, 80 leagues, as given by Castiifieda in another 
place t 

But there are other good reasons for this belief. At Zuni and its 
vicinity, within a distance of about 16 mileti, and on the banktfof the 
Vermejtf, or Little Colora^lo River, there are the ruins of as many as six 
pueblos, all showing that they were once biult of stone ; and, with the 
present Zufii, doubtless tbey constituted the "seven cities" which, ac- 
cording to Coronailo, were all built "within four leagues togefher,"$ 
and according to Oastafieda were "situated in a very narrow valley be- 
tween den Montatpies Escarp4eB,^% which may have been intended to 
mean escarped mesas, or table lands, just as close in the valley of the 
Little Colorado or Rio de Zurd. 

In my report to the Chief of Topographical Engineers of my recon- 
Doissance made in the Navajo country in 1848, 1 described Zuui as fol- 
lows: "The pueblo of Zufii, when first seen about three miles off, ap|»enred 
like a low ridge of brownish rocks, not a tree being visible to relieve 
the nakedness of its appearance. It is a pueblo or Indian town, situ* 
ated on the Bio de Zuiii. This river at the town has a l>ed of about 150 
yards wide. The stream, however, at the time we saw it, only showed a 
breadth of about 6 feet and a depth of a few inches. It is represented 
as running into the Colorado of the West. The town, like Santo Do- 
mingo, is built terrace- shaped, each storj' — of whitih there are generally 
three — as you ascend being smaller laterally, so that one story answers, 
in fact, for the platform of the one above it. It, however, is tar more 
compact than Santo Domingo, it^ streets being narrow, and in places 
presenting the appearance of tunnels or covered ways, on account of 
the booses extending at these places over them."|| 

Lieutenant A. W. Whipple, Corps Topographical Engineers, visited 
the ruins of old Zuni in 1853-'54, and in his rei>ort to the War Depart- 
ment thus describes the place: "We took a trail and proceeded two 
miles south to a deep canon, where were springs of water. Thence by 
a zigzag course we led otir mules up the first bench of ascent. At vari- 
ous points of the ascent, where a projecting rock permitted, were barri- 
cades of stone walls, from which, the old man (his guide) told us, they 
had burled rocks upon the invading Spaniards. Having ascended, 
according to our estimate, 1,000 feet, we found ourselves upon a level 
surface covered with thick cedars. The top of the mesa was of an irregc- 
lar figure a mile in width, and bounded on all sides by perpendicular 
cliffs. Throe times we crossed it, searching in vain for the trace of a 

* CutaUBila'H Belutioua, p]). 41, 4^ 

I Ibid., p. \^. 

t Car(>na<li)'H Relations, HaklDyt, vol. ill, p. 461. 

4 CoatoDedu'H Belatioiu, Temaiu Compans, p. 16J. 



I "Journal of a military leconnoieaaiice from Santa F^, Now Mexico, to the Nav^o 
cooDtrr. made by Lieatenant J. H. SimpsoD, Corps of TopOK^phical GagiDeers, In 
1S49," United States Senate Ex. Doc. No. 64, Slut Conereas, Ist session, 1S50 ; also. Lip- 
pinctttt, Gnuubo &. Co., Philadelphia, 1653, pp. 89 and 90. , . , 
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miu. Bnt tbe ^ide hurried as od half a mile farther, when appeared 
tlie mius of a city indeed. Crumbling walls from 2 to 12 feet high were 
crowded together in confused heaps over several acres of groour). Upon 
examining the pueblo we found that the standing nalU rested upon 
ruins of greater antiquity. The primitive masonry, as well &s we could 
judge, must have been about 6 feet thick. The more recent was not 
more than a foot, but the small sandstone blocks had been laid in mud 
mortar with considerable care."" 

Now I take it that old Zuui was one of the seven towns of Cibola, 
called by Coronado " Grenada, because it was somewhat like to if ;"t and 
the narrow winding tfay, ascending which Coronado was kam^ked down 
by stones hurled upon him by the delcnders,^ was in all probability tbe 
very zigzag approach mentioned by Whipple, and which he found so 
difficult in his ascent to tbe ruins. 

The other six towns were doubtless ZuBi of the present day, and those 
whose ruins are to be found still further up the valley, showing they had 
been stone structures, and to which I refer in my report betbre referred 
to, as follows : " Within a few yards of us are several heaps of pueblo 
ruins. Two of them, on examination, I found to be of elliptical 8liai>e 
and appi-oximating 1,000 feet iu circuit. The buildings seem to have 
been chiefly built on the periphery of an ellipse, having a large interior 
court; bnt their style and the details of their construction, except that 
tbey were built of stone and mud mortar, are not distinguishable in the 
general mass. The areas of each are now so overgrown with bushes and 
60 much commingled with mother earth as, except on critical examina- 
tion, to be scarcely distinguishable from natural mounds. The usual 
quantum of pottery lies scattered around. The governor of Zuiii, who 
is again on a visit to us, informs us that the ruins I have just described, 
as also those seen a couple of miles back, are the ruins of pueblos which 
his people. formerly inhabited.''§ 

There are other circumstances of relative position of places which 
point most indubitably to the same cuoclusiun, as follows: Oastaueda 
repeatedly states that Cibola was the first inhabite<l province tliey met 
going north from Cbichilticale after tbey crossed tbe desert, and the lant 
they left be/ore entering tiie desert on their return to Mesitro. Again, 
the preseut relations to each other of Zuili and the Moqui Pueblos, and 
also of Acoma, perched on a mesa height, in regard to eonrses and dis- 
tances tally sufficiently near with the positions of Tilsayau and Acnco, 
as given by Castaiieda, namely, the former northwest 25 leagues and the 
latter eastwardly five days' journey from CiboIa,|| as to make it exceed- 
ingly probable that they refer to the same localities-Tl Again, CastaiSedo, 

. ■PaciKc R. G. Iteports, vol. iii, pp. M, m. 

I CoroiuKlo'H ReliktioQ, Hakluy t, vol. iii. p. 4ol. 

t " Ceiii-ndont il fallait B'cm|>nrpr do C'iliolii ce iini n'f'tait pns chnso facilp, car ]e 
chemjii i|ni y cmidiiitiaat £tuit ^troit ct lurtneiix. Im Gi^ii<!ral fiit Tpnveni^ iriiu coup 
de piem: ud moubuit li I'lUBaut," &c. Custaikeda'H Kel., Ternaus CniupanH. p. 43, 

SSiiupiMu'i Joiiroal, p. 97. 
Cattaiii-'la'a Rclatious, Temaoz Cnmpans, pn. M, 67, 6H. G9, 70, 16!>. 
HMr. Siiuicr, in IiIh nttirlu on the "Ani-ient Mnniimeiiln, &c., in Xcn Mexico and Cnl- 
Ifomia," in American Review for November, |H4p<, gives tUe poHition of TuHnyan from 
Cibola, hoik Dortbeoat anil northwest fh>nt C'iliolu, and on his map acconipaiiyiuf; Mr. 
Albert Galiatlii'a Eaany, iu the TrnDHactinuH uf the American Elbnolnj^ical ^H'lcty, vol. 
ii, he ban placed it in a northeast direction. The projter direction of Tiisayan tritli 
teeard to Ciliola is northweat. (See Caotnrieda'K Relalinns, Tnrnaiix CouipanH. p. ItiS.) 
Brflidea Ca'rdeiiua, on his nay to tlic Rio tie] Tizon, (Colorado,) ])aH8i-<l iliroiiKh TiinayaQ 
from Ciboln, which makes it all very natiiml if Tuaayan waa northwest from Cibola, 
bnt wonlil not b« so if it was id a n«rtbcut direction, as laid down ou Mr. gqnier'a 
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describing the valley in n-liich the province of Cibola was situated, 
says, "Cest une vall6e tres-ftroite eiitre des moatugnes eacarp^e^"" 
which is an enact description of the valley of the Bio ile Zuiii, conflued 
between the walls of iuclosiug mesaa. Again, Jaraniillo siiys " this first 
village of Cilx>la is exposed a little towards ttte atntheast, and to the 
northwest in about five days' journey is a province of seven villages 
trntled Tnsayan.t all of which exactly accords with the exposed position 
to the nortlieust of old Zuili and correctly describes the location of the 
Moqni villages. 

But there is some historical e\'idence upon this point which I consider 
irrefriigablo, and which certainly makes Zuui and Oibola identical places. 

lleferring to the relation of a notable journey made by Antonio de 
Espcjo to New Mexico, in IG&J, to be found in Hakluyt's Voyages, vol. 
iii, I read its follows: "Antonio de Espejo also visited Acoma, Kitnated 
Qpou a high rock which was about 50 paces bigli, haviug no other en- 
trants but by a ladder or pair of stairs hewn into the same rock, whereat 
our i)eople marveled not a little. 

" Twenty-five leagues from hence, toward the west, they came to a 
certain province called by the inhabitants themselves Zuiii, and by the 
Spaniards Cibola, containing a great number of Indiaus, in which pro- 
vince Francisco Vasquez de Coronado had l>een, and bad erected many 
ci-osses and other tokens of Christianity, which remained as yet stand- 
ing. Here also they found three Indian Christians who had remained 
there ever since the said journey, whose names were Andrew de Oulia- 
can, Gaspar de Mexico, and Antonio de Guadamara, who had about 
forgotten their language, but could S|>eakthe country speech very well; 
liowbeit after some small conference with our men they easily under- 
stood one another." 

2fow turning to Castaneda's Relations, where he gives an account of 
Corouado's leaving the country for Mexico, I find his language as fol- 
lows : " When the army arrived at Cibola it rested for a while to pre- 
pare itself for entering the desert, for it is tlie last point inhabited. We 
left the country entirely peaceful ; there were some Indians fi-om Mexico 
who had accompanied us, who remained there and established them- 
selves, (il y ent mtsme quelques Indiens du Mexique qui nous avaient ac- 
compiign(3s, <iui y resterent et s'y ^tablireut.")t 

Thus it would seem that the two accounts of Espejo and Castaiieda 
correspond in such a manner as not to leave the slightest doubt that 
Zuui of the present day is the Cibola of old. Coronado left three of 
his men at Cibola, who were found liviug there by Espejo and his party 
forty years afterwards ; tbey bad nearly forgotten their original lan- 
guage, but yet, after awhile, managed to converse with some of Espejo's 
men. What more natural, and, indeed, what could have l>een a more 
interesting topic than the adventures of these men ; how tbey got there, 
and whether Zuui was veritably the far-famed Cibola that forty years 
previously had excited the attention of the governments of New and 
Old Spain. Espejo, under the above circumstances, reporting that the 
Spaniartls ealle<l Zuiii Cibola, certainly could not have meant anything 
else than that he believed it veritably such. I have been thus particu- 
lar with reganl to this testimony, for the rciison that Mr. Morgan, in his 
essay idready referred to, while he recognizes the historical fact of Zuni 
having been called by the Spaniards, acuoiHling to Es|K'jo's Uelatious, 
Cibola, in loJW, yet advances the iflea that- after all EsiM-jo probably 

' ' CDat4U\ii1ii'g K<;Intiuiia, Ti-i'imiiii CuinpaiiH, p. 164. 

t Jnrnmillo'B Kelatioiis, Turauiix CoinjMUiB, p. 370. 
t Castnbedn's KelatiuDs, Temnux Compuns, p. 217. _, 
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only meant to express that they coiviectared the places to bare been 
identical. 

It seems to me that what I have advanced shows most conHusively 
that Cibola and Zani are identical localities, and DoCfaing could be said 
'which coald make it more certain ; but as corroborative I will stati; that I 
have seen in the excellent library of the Peabody Institute of Baltimore 
an atlas entitled " The American Atlas, or a Geographical Description 
of the whole Continent of America, by Mr. Thomas Jeffreys, Geogra- 
pher, published in London in 1773." On map No. 5 of this aiitm, Zuoi 
and Cibola are laid down as synonymous names, and the locality they 
express is precisely that of Zufli of the present 'day." Again, on a 
" Carte contenant le Koyaume du Mexique et La Floride," in tiie " Atlas 
Historique pnr Mr. C • • " avec des dissertations sur I'Histoire de 
chaqlie etat par Mr. Guendeville," tome vi, 'second edition, published 
in Amstenlam, 1732, 1 find Zuili and Cibola laid down as synonymous. 

In this connection it may be proper to observe that the claims of Ci- 
boletta, Moquino, Poquate, Covero, Acomo, Lnguna, Poblacon, as con- 
jectured by Emory and Abert to be regarded as the seven cities of 
Cibola, are rendered null by the historical fact mentioned by Castaneda, 
and also by Jaramillo, that the latter were situated on tbe Itio Vermejo, 
(Little Colorado,) a tributarj" of the Sontheni Ocean ;f and also by the 
circnmstance of the army, on its march from Cibola to Tiguex, finding 
Acnco (Acoma) five days' journey to the eastward of Cibolji, a circum- 
stance which could not have taken place if Aetico (Acoma) were one of 
the seven towns of Cibola. Besides, Castafieda, in enumerating the 
villages di8|>er3ed in the country, expressly states that " Cibola is the 
first province; it contains seven villages; Tiisayan, seven ; the rock of 
Acuco, one, &c.,| which certainly shows that Cibola and Acuco were 
separate and district provinces. 

Again, I cannot see that tbe rains of the CItaco, which, according to 
my explorations and reading are probably, on account of their extent 
and character, the most remarkable yet discovered in this country, have 
anyjust claims, as advanced by Mr. Morgan, to be regarde<l as the seven 
cities of Cibola ;§ first, for the reason that they are not, as required by 
historical tact, situated on the Rio Vermejo, {Little Cotoratlo,) or tribu- 
tary of tbe Itio del Lino or Flax River; second, they are not so situated 
with regard to the desert passed over by Coronado, between Chicbilticale 
and Cihola, as to make the statement of Castaiieda pertinent, to wit, 

• On this atliin is indorwd, " Presented to tba Peabmly Institute by tlie FIou. John P. 
Keune^ly, April 1, 1664. By thia maii tbe threat Uispuln lietweeo Uatiiul WcliMcr bihI 
Lord AithliDrton (relating don btliiw t<i tiie uurtliuustent bouudary) wan Buttled, |iarlicu- 
larly by map No. 5," 

t " All the Htrcams we met, wbftUer rivulot or river, aa far as that of Cilnilo, and 1 
believoeven line or two dayr jounioy b«yoD<l that )i1acp, flow in the direct ioD of tbe 
South 8ra, (Mer du Sail,) meaning thu Pacille Ocean ;" further on tliu.v lliin- to Ihu 
Korth Sea, (Mer du Nord,} meaningtheGulf of Mexico. Jaraniillo'sBelatioDs, Teruuux 
Coupana, \i, IffO. 

t Cnstaiieda'a Re 

(Mr. Morgan, in his e ^ .. r - • 

ftom my re[>ort to the Govftmmont on these rniiis, I <leem it uniii 
tbiuu fiirther in relation to them than to refer the reader fur a more dctaLit.-il arenunt 
to said report. It is intereHtiti);, however, in this coiiuecttou, to present tlii- t'lillonriiiK 
extract from Hnmholi1t'» Esttai snr le R^iyanme de la Notivelle Espa^ue, i>a;;.' 31)5. ivhicb 
in all probability refers t" tliese very ruins : " Tbe Indian traditions int'unu us that 
some twenty ieafpies to the north of Moqni, near the emboncbnre of liie river Zejnanors, 
a rivet of the Nav^loa, was the first resting place (demrure) of the Aztecs alter theic 
•ortie from Atzlau." Af;ain, on his map aecompanyinic bis Essay, is the followinK: 
" Premiere itonienre des Attequi'S sort^ d'Atilan en IIGU, traditjou in certaine,'' in lon- 
gitude about ll-i^'30", latitnile 37°. 
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that Cibolft was the first village to be met after passing the desert, and 
the last on leaving the peopled coantiy to enter the desert; third, the 
Moqiii villages (iindonbtedly Tusayan) do not lie to the northwest from 
the ruins on the Chaco, as they should do if these ruins were Cibola, bnt 
to the south of west; and fourth, the route of Coronado's army eastward 
from there to Cicuye, by the way of Acuco, (Acoina,) would have been 
very mnch and unnecessarily out of the proper direction. 

Mr. Morgan mentions the fact stated by Ooronndo, that it was eight 
days' jonrney ironi Cibola to the bufialo range. This, be thinks, could 
very well have taken place on the hypothesis of the Ctiaco ruins having 
been Cibola, but not on the supposition of ZuBi. But the distance of 
Zuni to tlie bnfi'alo range east of the Itio Pecos is only about ^30 miles, 
which certainly could have been reached in eight days, allowing the 
joniiiey he does of 30 miles per day. 

But to proceed with the principal points of Coronndo's route eastward 
from Cibola. I believe that all authorities who have written on the 
subject concur in the view that tlie Pueblo of Acoma, or Uak-koo-kee- 
ah, us it is now called in the Zuiii lmigunge,i» the Acuco of Colorado.* 

The singular coincidence of the names, as well as the striking resem- 
blance of the two places as described by Castauedu and Abert, which 
cannot be predicated of any other place in New Mexico, together with 
the proper relation of Acoma to Zuni (Cibola) and Tiguex in distance 
and dii-ectiou, all show that they are identical, f 

The next province Coronado entered was that of Tiguex. Mr. Gallatin 
has located it on the Rio Puerco. Ilis hnigiiage relating to it is as fol- 
lows: "Having compared those sevenU accounts (of Casfaneda and 
Jaramillo) with Lieutenant Abert's map and with that of Mr. Gregg, it 

* Lieiitunaut ColuucI J. U. Eaton, Uaited States Army, writing on Ibis siilijevt, Kr 
marka : " In a t'onvurnntioa with u very intelligeut ZnHi Iniliuu 1 IpanitHl Hint tliu 
Piietiln of Acoma in cultiid in the Znfli f unRiie Ilak-koo-kee-uh, (Acuco,) .inil this nnnie 
was (jivpn to nm withont nny previous iiai-stiaii which would Bervo to Rive him aniilea 
ortliisolit Spanish usme. Uooh notthiH,thcreforo,HeemtO|nve color to the hy|>othGeia 
that Coronatlo's army passed by or near to the preiienl Pueblo of Znni, anil tliat it wag 
Itii'ir CilHilii, or one of tlie seven citii's of Cibola." (ScLoolcrafl's History of the Iniliuu 
Trilies of the I'nLted St.-ites, part iv, p. 220.) 

(The followioK graphii! dencription of Acoma ia from Abort: "After ajounipy of 15 
milvH we nrriveil at Acoma. U'ffh on it lofty rock of sandstone, such as I hitve do- 
tuirilxil, sits the city of Acoma. On the northern side of the rock the tuilu lioreiil I>ln8t« 
liave heapt'c] np the sand so as to form a, practical ascent for some diutonce ; tliks TMt of 
tiie way is through solid rock. At one place a singular upeniiis or narrow way is 
fomiL-d' between n hnfre, square tonor.of rock aud the pcrpciidicolar face of tbo cliff. 
Then the rood winds round like a spiral stairway ; and the Indians bavo, in some way, 
Hxtil logs of wood in the rock, riMliating from a vertical axis, like st«ps. These ntfonl 
foothold to man and beast in clambering n|>. 

"Wewero constantly meeting and passing ludians. who bud tUi'ir 'burros' laden 
Willi jM-achcs. At lost we reached the top of the rock, which was nearljr level, and con- 
tains about sixty acres. Here we saw a largt- church, and several continuous blocks ot 
buildingH, containing sixty or seventy lionses in each block. (The wall at tlie Hidt< tlint 
facejl outward was uiilirokuu, and had no wiudows until near tlie top. Thu houses 
were three stories high.) In fiout, each story retreated back as it asccndt^l, hu as to 
leave u jilatform aluug the whole front of the atniy. These platforms ore guarded by 
]iarapet walls about tlirce feet high. In onler to gain admittance you ascend to the 
second story by means of ladders. The next story is gained by the sanie means ; t)ut 
to reach tbo 'azotln,' or roof, the nartitiou walls on the platform that separates'the 
quartern of diRereut families have been formed iutn- steps. This makes quite a narrow 
staircase, as the waits ace not more than one foot in width." (Report of Lienteuaut J. 
W. jll>ert, Corps Topographical Engineers, of bis examiuation nt New Mexico in the 
years 184(i-MT, Ex. Doc. 41, 30th Congress, Ist sessiou, pp. 470, 471.) _, 
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appears to in« probable that the Ti^niex country lay, not on tlie main 
Kio Norte, but on its tributary, the Rio Puerco and its branches, and 
that the river which the Spaniards calle<l Cicuy^, and on which they 
were obliged to build a bridge, was the main liio del Norte."" 

Mr. W. H". Davis, anthor of "El Gringo; or New Mexico and her 
People," pnblished in 1853, takes the same view. 

Jlr. Sijuier believes the Rio de Tiguex to have been the Rio Grande, 
and the Kio de Cicny^ the Pecos, but locates Tiguex on the Rio Grande, 
abore the mouth of the Puerco. Messrs. Kern aud Morgan take the same 
Tiew. 

According to my investigations I believe the BioTignex to have l>een 
the Kio Grande, and the Rio deCicnye the BioPecos; but while lam 
willing to admit there are some grouuds for the hypothesis that Tigiiex 
was located on the Bio Grande abore the month of the Puerco, yet I 
think there are still stronger grounds fur the belief that it was situated 
on the Bio Grande behw that river. 

Castaneda says, "Three days' journey from Acuco (Acoma) Aivnrado 
and his army arrived in a proviuce which wa.^ called Tiguex.''^ 

Again, "The pi-ovinceof Tignex contains twelve Tillages, si tuatetl on 
the hanks of a great river in a valley alwut two leagues broad. It is 
bounded on the west by some mountains, which are very high and cov- 
ered with snow. Four ^'illage.s are l>uilt at the foot of these mouutaina 
and three others upon the heights."} 

Now, as Curonado and his army marched eastward § from Acnco, 
(A com a,) and they accomplished the distance in a three days' jonmey 
and then came to a large river, on the banks of which was situatetl the 
province of Tiguex, it is clear that as the Bio Grande is the tirer large 
river to he met eastward from Acuco (Acoma) at a distance varj'ing 
fi^m sixty to eighty miles, depending on the route taken, this was the 
great river refeiTed to, or the Kio de Tiguex. 

The idea of Mr. Gallatin and Mr. Davis that the Puerco was this river 
is, I think, entirely untenable, for the reason that this river in its best 
stage is only atmut one hundred and twenty miles long, and fretjueutly, 
as I my.sclf have observeil, so dry that its existence could only l>e in- 
ferred from its dry bed and the occasional i>ools of water to t>e met 
along its track. It certainly, then, could not with any propriety be 
called a great river, as the Kio de Tiguex was represen'ted to be. 

In addition, we le^m that the guides who conducted the arui.v back 
to Cienye, on its return from it» search after Quivira, declared that the 
Kio de Clcuy^ threw itself into the Itio de Tiguex more than twentn^- 
days' journey (or over four hundred miles)below where they struck it;"!! 
which would have been an absunlity if the Tiguex were the trifling Kio 
Puerco, and the Cicny^ the liio Grande, as Mr. Gallatin snjiposed ; but 
which is all very plain on the hypothesis that the Tiguex was the Kio 
Grande, and the Cicny^ the Pecos. 

But where was the exact location of the province of llgues I 

It was certainly iwioicUemez andQnirix,(3anFelipe,11) for the chron- 

' Trausacliuna Aiucriciin KthDoloKit^al tiucii^t;, vol. i, p. 73. 

t Cagtiincda'H Rplations, Turnaux Cumpans, p. 71. 

t Ctwl nil loin's I^-lations, TiTDuni Compaun, pp. 167, 166. 

i Ibiil, p. 67. 

i CaatnDedii'a RolatiouB, Tornoui Compami, ri. 135. 

11 On thu old innps, aa ulso un Hambotdt's, illuBtratiiif; his " Nouvelle HiBpngne," I 
nuticc the putblo of San Kulip« is laid down aa -ij. Fiilipode Ciwre:," which I am in- 
furoied ia its name at thm day. Indeed, Grexg, apeakinfc "(^ c^naiD pueblos in New 
Mexico, aaya, " those of Coehiti, Santii Domingo, Sail Kelipe, aDdpeihfttMSuidia,spe«k 
.1... .,„...„ |„Dc)i(., thoQf^ they arem forniurly t« have been diatinguiabed aa tJueiM." 
rcf of the Prairies, 2d editiun, vol, i, p. '269.) ( - | . 
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icier states that fartlier to the north (from Tigucx) is the pntviuce of 
Quirts, \rhich contains seven villages ; seven leagues to the northwest 
(which may mean from Quirix or Tigues) that of llemez, which con- 
tains the same number, &c. ;* the text says, "uord-est." bnt this is 
evidently a mistake, as the oldest maps extant place Uemez where it is 
now situated, ou the Bio de Uemez, to the west of the itio Gninde. 

The foregoing woidd seem to show conclusively that Tiguex was sit- 
uated below (Jiiirix, and possibly, under one of the constructions given 
above, only seven leagues or twenty-four miles below Uemez, which 
would place it on the Kio (iraude Just about the mouth of the itio de 
Ilcruez, or alwnt 80 miie» above tlie mouth of the Puen'o, where the 
authorities above given have placed it. But yet the extract before 
given fh>m Gaatafieda exjircssly st^ates also that the "Province of Tig- 
uex was situitted tipon the banks of a great river (Kio de Tiguex) in a 
valley about two leagues broad, and bounded on its west by some very 
high, snowy mountains," &c. Now, the only locality which will answer 
this description is that part of the valley of the Rio Grande bouhded oa 
its west by the Socorro Mountains, situated just below the mouth of the 
Puerco. These are the tirst mountains to be met in descending the river 
from 8auto Domingo, or from oven above that pueblo, (all the intervening 
heights being merely table-lands and therefore not so elevated ivs to be . 
termed snowy,) aind they fix the locality, iu my judgment, as 1 have 
before stated, below the mouth of the Puerco. 

I huve^ therefore, on my map locab^d the province of Tignex on the 
Bio Gruude below the Rio Puerco, at thti foot of the Socorro Mountaius, 
which bomids it on its west; and it is somewhat conhrmatory of this 
position that on ,the map Xo. 5 of "Thomas Jeffreys' Atlas," beibre re- 
ferred to as excellent authority, I find Tifftia, no doubt intended for the 
same place, or province, located in the valley of the Kio Grande, just 
where L have located Tiguex, namely, at the toot of the Socorro Moun- 
tains. 



The next imporiunt place in the route of Coronado from Tiguex was 
Cicuy<i. CastaSiedo says : "After a Journey of five days from Tiguex, 
Alvarado (with his detachment of twenty men) arrived at (Jicuy6, a 
very well lortified village, the houses of which are four stories liigh."f 
Again, "Thearmyquitted Tiguex on theothof May (lo31) and took the 
route to Cicuytjj which is twenty -five leagues distant."^ Jaramillo states 
the dii-ection to have been " Dortheast."^ In another place Castaheda 
remarks that " Cicuy^ is built in a narrow valley, iu the midst of moun- 
tains covered with pines. It is traversed by a small stream, in which we 
caught some excellent ti-oat."|| 

Now, all this points, as I believe, to the ruins of Pecos, on the Rio 
Pecos, as the site of Cicuy^, and in this I agree with Mr. Sqnicr and 
Mr. Kern. These ruins are in a northeast direction from the supposed 
I>ositiou of Tiguex, and about five ih»ys' journey distant. They are 
also situated in a narrow valley in the niidst of mountains covered 
with pines, and the site is traversed by a small silvery stream, in which 
may be caught some excellent trout. 1 certainly know no other place 
that iu so many resj>ects suits the conditions of the problem ; bnt the 

' CnHlAriMla'H Itelatiooe, T«niaux Compiuia. 
tCiuilnn«1n'HR«latii>Ds,Turn&iis Ci>inpane, p. 71. 

I Cixstuiieila's Rvlatiuug, Teniaux CuuipotiB, ]>. 113, 
$ Jan>niil|o'a Rctatioua, Ternunx CumpaDB, p. 371, 

II CostuOeda's Eelatioua,Tfmaux Compauti, p. 179. 
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following remark by Castaneda liaa peTi>)«sed iuvestigatora not a little. 
He remarks, that " when tbe army quitted Oicuy^ to go to Quivira we 
entered the mountains, wliich it was iieceaaary to cross to reach the 
plains, and on tbe foorth day we arrived at a great river, very devp, 
which parses also near Cicuy*;. It is for this reason we call it tbe Rio 
de Cicuye. Here we were obliged to build a bridge, which employed us 
four ilajs."* 

Tbe difilculiy has been to reconcile the statement that CicnyiS (Pecos) 
was on or near the Bio Oicuy^, and yet that after four days' travel, after 
traversing some mountains in a northeasterly direction, the army should 
again cross it by a bridge. 

Xow all this, 1 think, can be reconciled by reference to the accoia- 
paiiying map, on which will be found laid down a route, the only one, I 
believe, existing at the present day between Pecos and Las Vrgas, on 
the Uio (lalliuas, a tributary of the Rio Pecos, where the pluius com- 
mence.f The general direction of the road is northeast. It traverses 
some ver>~ rough moantains, and the distance between the two places is 
about fifty miles, which might have necessitated, considering the rongh- 
ness of the route, a jonruey of four days, as the conditions require, lie- 
sides, the Gallinas is liable to be Hooded from the melting snows of the 
. neighboring sierras in the month of May and fore-part of Jiuie; this 
naturally would make necessaiy at such times a bridge to cross it. 
Emory, speaking about IjBs Vegas and its vicinity, say a : " As we emerged 
from the hills into the valley of the Vegas, our eyes were greeted for 
the first time with waving com. The stream (theGatlinas) vusjlooded, 
and tbe little drains by which the fields were irrigatutl full to tbe brim.''} 

My itlea is, then, that this stream being a tributary of the Pecos and 
larger than the hitter at Cicuy^, (Pecos,) it was; in all probability, 
called for those reasons the Itio de Cicuy^, though the place by this 
name was situated distant from it on another branch of the same river, 
where the ruins of the Pecos village are now to be seen. 

I will al.so state, as strongly confirmatory of this location of Cicuyi?, 
that on map No. 5 of the "American Atlai*, by Thomas Jcflivys, pub- 
lished in 1TT5," twice before referred to, 1 find laid down, in itliout the 
present locality of Pecos, a place named " Sayaqu^," which might well 
answer for Oicuy6. 

But where was Qui\ira ?" the last" (place,) as Castaileda remarks, 
"which was visited by Coronado." Mr. Squier, on his map, before re- 
ferred to, lias the route puraue<l by Coronado laid down as extending 
indefinitely in a northeastwanlly direction, fk»m Cicuy<! (Pecos;) but 
still, in his essay before referred to, says " there is no doubt that Vas- 
quez Con>uado penetrated, in 1541, to the region of Gran Quivira, vis- 
ited and described by Gregg; "5 that is the Quivira which on modem 
maps is laid down in latitude about ^4° north, and longitude l()t;° west 
from Greenwich, or about 100 miles directly south from Santa Fe. Lieu- 
tenant Al>ert and Mr. Kern have expressed the same thing; the hitter 
locating Coronndo's route, not in a northeast direction from Ciciiye and 
e.xtendhig about six hundred miles, as required by the stak'inents of Cas- 
taileda, Coronado, and Jarainillo ; but in a direction abiioHt directfy the 
retersf — at first eastwardly and then westwardly, so as to make Iiim 
reach a place called Quivira in modem times, but located only about 

* CnxiiifK^ln'H Uelalions, TiTuaiix CuinpniiH, |>|i. ll.'i. Hit. 

t TliiB m Ihvonly ronte nbich fur yi-nrs lias U:eu tukvii by travekrs niiil otbervAfm 
Kort Lenvi;iiiTortb to SailtA ¥i. 
t Eiii<ir>'H ItriwH, Ex. Dnc. No. 7, 30th Confn^sa, lat BCssioD, p. 36. 
J AmLTiLnu K« view for Novomber, lo48, [i.e. 
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one hundred mileH IVom Cicuy^ (Pecoa,) and that almost in a due south 
direction. 

Mr. Gallatin says, "Cornnado appears to have proceeded as far north 
as near tlie 40° of latitude," • in search of Qnirira. 

Again, qnoting from him, " Qiiiviia, (referring to that aliont one hun- 
dred miles sonth from Santa F6, in latitude 34° and longitude 106°,) atwnt 
fourteen miles east of Abo, vas not visited by Lieutenant Abcrt; but 
its position was correctly ascertained. It is quite probable that the 
place now known by that name was the true Quivira of the Indians at 
the time of Coronado's expedition. But whether deceived by n treach- 
erous Indian guide, as they assert, or having not understood what the 
Indians meant, which is quite probable, the Spaniards gave the name 
of Quivira K» an imaginary country situated north and represented as 
abounding in gold.''t ' 

Now, it is something singular that, so far as I have been able to inves- 
tigate, there is no such place as Quivira laid down on the old maps in 
the locality where modern maps show it — namely, in latitude 34°, lon- 
gitude 10ti° ; but there is a place of that name laid down on these maps 
in about latitude 40<=, as high as Ooronado locatetl it. I am therefore 
inclined to believe that at the time of Coronado's expedition the former 
-Quivira did not exist. At all events, it is scarcely credible that such a 
remarkable city as Quivira was represented t« be, so full of gold, &c., 
situated as it was, only about fifty miles from Tiguex, the head<^uarters of 
Coronado's army, and which miglit have been reached in two days, could 
have been kept from the knowledge and observation of the army for 
about a year and a half, during all the time that a portion of it was sta^ 
tioned at that place. 

Again, Gregg, (an excellent authority,) speaking of the ruins of Qui- 
vira, remarks : " By some persons these ruins have been supposed to be 
the remains of an ancient pueblo, or aboriginal city. That is not proba- 
ble, however, for though the relics of aboriginal temples might possibly 
be mistaken for those of Catholic churches, yet it is not to be presumed 
that the Spanish coat of arms would be found sculptured and paint«d 
on their facades, as is the case in more than one instance."^ 

No ; I am of opinion that Coronado and his army marched just as Cas- 
taiieda, Jaramillo, and Coronado have reporte<l ; that is, generally in a 
northeast direction, over extensive plains, through countless herds of 
buffaloes and prairie-dog villages, and at length, after getting in a man- 
ner lost, and finding, as the chronicler says, they had gone " too tsvr 
toward Floridaf^S that is, to the eastward, and had traveled from Tiguex 
for thirty -seven days, or a distance of between 700 and 800 miles, their 
provisions failing them, the main body turned bach to Tiguex ; and 
Coronado, with thirty-six picked men, continued his explorations north- 
wardly to the 40° of latitude, where he reached a province whiuh the 
Indians called Quivira, in which ho expecte<l to find a city containing 
remarkable houses and stores of gold, but which turned out to be only 
the alKKle of very wild Indians, who lived in miserable wigwams,, anil 
knew nothing about gold. 

• TraDeactiniut Americau Etlmologiottl Society, toL ii, p, 64. 

1 1biil., p. 95. 

t Gregg's Commenio of the Prairies, 2d ed., p. 165. 

t On some of the old maps Florida embraces all the cooutry west of the Bio Qraode 
am) south of Cnnodji. See " Atlas nistoriijne, par Mr. C * * * ; Aveo des diswrtjitlnnH 
Hur I'tlistoire do Choque iStat, par Mr. Goendeville," before allnde<l to, publisbed in 
1732. Again, Huklu.vt remarks : " The name of Florida was nt one time ap])lie<l to all 
thnt tract of territory n'bich extends from Canada to the Kio del Norte." (See hU 
intioductioD to " The Discover; ondConqaestof Pern by Dua Fernando <le Soto," p. 10.) 
22 S 
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Coronado's description of the region is as follows : "The proviDce of 
Quivira is 950 leagnes (3,230 miles) from Mexico. The place I have 
reached is the 40° of latitade. The earth is the best possible for all 
kinds of prodnctions of Spain, for while it is very strong and black, it 
is very well watered by brooks, springs, and rivers. I fonnd prooes 
like those of Spain, someof which were black, also some excellent grapes 
and mulberries."* 

Jaramillo, who accompanied Coronado to Qnivira, speaking of ibn 
region, says : " This country (Quivira) has a snperb appearances and 
such that I have not seen better in all of Spain, neither in Itaiv nor 
France, nor in any other country where I have been in the service (MF 
your Majesty. It is not a country of mountains ; there are only some 
hills, some plains, and some streams of very fine water, (des mis-seanx 
de Tort belle eau.) It satisfied me completely. I presume that it isveiy 
fertile and favorable for the cultivation of all kinds of fraits."t 

In another portion of his Relations he mentions having crossed a 
large river, to which tUey gave the name of " Saint Peter and Saint 
Panl," which verj' probably was the Arkansas, and after traveling sev- 
eral days farther north, they cume to the province of Qnivira, where 
they learned that there was a still larger river farther on, to which they 
gave the name of "Teucarea," and which I believe to have beeu the 
Mis8oari4 

Again, CastaSeda says : " It is in this country (that of Qnivira) that 
the Espiritu Sancto, (Mississippi,) which Don Fernando de Soto discov- 
ered in Florida, takes its source. • • • • The course of this river 
is so long, and it- receives so many affluents, that it is of prodigious 
length to where it debouches into the sea, and its fresh waters extend 
far out after you have lost sight of the land."§ 

AH the authors who have written on this subject seem to have 
discredited Coronado's report that he explored northwardly as for as 
the 4(P of north latitude ; but not only do the reports of Castaiieda and 
Jaramillo bear him out in his statement, bat the peculiar description of 
the coantry as given by them all — namely, that it was exceedingly rich; 
its soil black; that it bore, spontaneously, grains and prunes, (wild 
plums ;) was watered by many streams of ])ure water, &c; and tlie cir- 
cumstance of this kind of country not being found anywhere in the 
probable direction of Coronado's route, except across the ArkoDsas 
and on the headwaters of the Arkansas River ; all this, together with 
the allnsion to a large river, the " Saint Peter and Saint Paul," (proba- 
bly the Arkansas,) which they crossed before reaching Quivim, in jati- 

* FullotviDj; thu orders of your Hqjcaty ( Dod AnIODiode UeDdof a,) I hat-eobaened the 
best possible treatment towunl the nurivoaof tbis province, and of nit others tb»t I 
Lave traversed. Tbcy have nothing to complain of me or my people. I sojntuiied 
twenty-live days in the province of Quivira, as much to thoroaghly explore the voantry 
as ta see if I coulil not find Bome further occasion t« serve yoor HajeHty, for the t;iiidc8 
whom I brought with me have spoken of provinces situated still farther on. That 
which I have been able tn learn is, tbat in ail this country one can find neither gold 
nor any other uietal. Tbey spoke to me iif small villii;:es, whose iiilmbLtants for the 
most part do not cultivate the soil. Tliey have liuta of hides and of nijlows, and 
change their places of abode with the vacliei (hnSaloes.) The tale they told nie then 
(that Qolvini was a city of extraordinary buildings and full of gold)' vrns false. In 
indnclng me to pari with all my army to cume to this country, the Indians tbonght 
that ttae country being desert and without irater, they would conduct os into places 
where onr horses and ourselves would die uf hunger ; that is what the gniilee have 
cootessed. Tbey told that they had acted bv the advice of the natives of these ccuo- 
trie*. (Coronacio's EelatiouB, Tcmanx Compans, pp. 360, 361.) 

t Jaramillo's Ei;1atiuns, Temam Compans, p. SlS. 

t Jaramillo's Kelations, Temauz Compans, pp. 3T5, 377. 

6 Casta&eda's Kelations, Temaux Compans, p. 1%. ^~. i 
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tade 40° northj aod to a still larger river further od (probably the Mis- 
souri) — makes it exceedingly probable that he reached the fortieth degree 
'of latitude, or what is now the bouodary between tbe Stat«s of Kansas 
and Nebraska, well on towards the Missouri Biver ; and in this regioa I 
have terminated his explorations north on the aecompanying ma]).* 

In i-egard to th» return route of tbe army of Coronudo, which he 
dispatched to Tignex before he reached Quivira, it is expressly meu- 
tioned that they passed by some salt ponds, and, as I believe they are 
only to be found in that region of country between the Canadian and 
Arkansas Bivers, on theLitUe Arkansas River, a tributary of the latter, 
in abont latitude 37°, and longitude 99°, I have located this route as 
passing by these ponds, with some probability of its being vorrect-t 

Another point of the return route cjf the army was where it struck 
the Rio Gicuy^, about thirty leagues below tbe bridge, where it had 
crossed it on their outward march.! 

Besides the provinces I have endeavored to locate there were a num- 
ber, as I have already stated, visited by Coronado, or his officei-s, which 
were situated on tbe Rio Tiguex, (Bio Grande,) or some of its tnbu- 
taries, as follows : Quirix, containing seven villages ; in the Snow Mount- 
ains, seven ; Ximena, three ; Chea, one ; Hemes, seven ; Aguas Calien- 
t«s, three ; Yuque-ynnqae of the mountain, six ; Valtadolid or Braba, 
one ; Tutahaco, eight. 

Quirix was nnquestionablj San Pkelipe de Querea of the present day; 
Chea, Silla; Hemes, Sentez; Aguas Calieiites, the ruim which I hate 
seen at Ojot Calientes, twelve miles above Hemez, on the Bio de Hemez; 
and Braba, Taos. The situation of all the places nameil accord so well 
with that given by Castaiieda as to leave but little doubt that tbey are 
identical. 

In addition, in relation to Braba, Castaiieda states that it was the last 
town on the Rio Tiguex, north, and was " built on the two banks of a 
stream which was crossed by bridges buUt of nicely-squared pine tim- 
ber." Gregg, speaking of Taos, which is the last pueblo on the Bio 
Grande north of Banta F6, says : " Tliere still exists a pueblo of Taos, 
composed for the most part of but two edifices of very singular con- 
etruetion, on each side of a creek, and formerly communicating by a 
bridge. The base story, near 400 tfeet long and 160 wide, is divided into 
numerous apartments, upon which other tiers of moms are built, one 
above another, forming a pyramidal pile of fifty or sixty feet high, and 
comprising some six or eight stories."§ The identity, therefore, of the 
two places I think certain. 

All the vilages along the Rio de Tiguex, (Bio Grande,) explored by 
Castaiieda. were included in a district thirty leagues (102 miles) broad 
and one hundred and thirty (442 miles) long. 

CastaQeda, speaking of tbe origin of the people who inhabited these 
regions, says: " This circamstauce, the customs and form of government 

* Tbia hypotbeaU U also strengtbened hy tbe fact that the Turk who suidedCoro- 
Dodo stated that ho waa " a native of the country on the Hide of Florida," that is, 
toward the east from the Sio Tiguex, (RioOrande,) Id the valley of which he woa at 
Ibat time: that in his country woa "a river two leajpieB broad," &,«.; and Uiut when 
be reached Qoivira be told the Spaniards " that his coantry was still beyond that." 
(S«e Caatofleda's Kekitiona, Ternaux Compaus, pp, 73, 77, 131.) 
I See ante, p. 40. 

turn mnte the Canadian River la deeply calloned for 
(sitatod the arm^ ou ila return either to crosa it where 
-* '"""t fifty niilea t)olow that point; and doing tbe 

, „ ^__nortionally lower down from^e bridge. 

{ Gregg's Coniuierco of the Praiiiea, 2d ed., voIl ii, p. 277. 
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of tli«s6 natiooB, whicb are ho eotirelj different fh>m tliose of all tbe 
other Qations we bave found up to tbe presetit time, prove that the.r 
came from tbe region of the Great India, whose coasts toaeb those of 
this country on tbe west. They may have approached by folloitiDg the 
course of tbe river after crossing the monntains, and may have there 
fixed themselves in tbe locations that seemed most advantageous t« 
them. As tbey multiplied they built other villages along the banks, 
nutil tbe stream failed them byplnogiug into the eartb., When it 
reajtpears it flows toward Florida. It is said that there are other villages 
on the banks of this river, but we did not visit them, preferring, accord- 
ing to the Turk's advice, to cross the moantains to its soorce. I believe 
that great riches would be found in the country whence these Indians 
came. According to tbe route they followed they must have come fixini 
tbe extremity of tbe Eastern India, and from a verj' unknown region, 
which, according to the conformation of tbe coast, would be situated for 
in the interior of the land betwixt China and Norway. There must, in 
fact, be an immense distance from one sea to the other, according to the 
form of the coai«t as it has been discovered by Captain Villalobos, who 
took that direction in seeking for China. The same occurs when we 
follow the coast of Florida ; it always approaches Norway up to the 
point where the country ' des baccalaos,' or codfish, is obtained."* 

The foregoing reflections seem crude to us who are better informed 
with regard to the geography of the earth's surface ; but when we con- 
sider that iu the days of Castafieda the whole of that portion of the 
continent lying east of the Bio Grande was called Florida, and but tit- 
tle, if anything, was known of the exact relations of the northern part 
of our continent with tbe other portions of the world, tbey do not appear 
irrelevant. 

In conclusion, I think it proper to observe that the " Kelations " of 
CoronadOjCastaiieda, Jaramillo, and Alarcon, though somewhat vague in 
style, and therefore requiring a great deal of study to comprehend their 
meaning nitb certainty, are nevertheless written in a straightforward, 
natural manner, and are manifestly entitled to credence whenever they 
describe what came under their observation. When, however, they 
describe the tales of others their narratires partake the characterof 
the marvelous ; but, even then, if we carry along with us the idea that 
tbey do not mean to deceive, but only to give expression to what might 
]>ossibly be true — bat which tbey do not assert to be so — their narratives 
must be regarded not only as truthful, but as meritorious, and emi- 
nently deserving of careful study and reflection. 

* Ciuitiilieila'ii Relations, Ternaux CompauB, pp. Id3, 184. 
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THE SOCIAL AND RELIGIOUS CONDITION 

THE LOWER RACES OF MAN, 

ADDRESS TO THE WORKIKGMEN OF LIVERPOOL. 



Br Sir John Lubbock, BotU, M.F., F.B.S. 



Gentlemen : The subject on which I have been requested to address 
you this evening is one of much interest, but also of such vast extent, 
that I shall make no apology for entering at once upon it, without any 
introductory remarks. I will only observe that I do not proi>ose to de- 
scribe the arms or implements, houses or boats, food or dress of savages, 
all no doubt veri' interesting, but which time will not permit me to dis- 
cnss ; my object will rather be, if possible, to illustrate the mental con- 
dition and ideas of the lower races of men, a subject necessarily of great 
interest to the philosopher, but also of immense practical im{x>rtance to 
an empire like onrs, which extends to every quarter of the globe, and 
contains races of men in every stage of civihzation. 

Even those wlio consider that man was civilized from the beginning, 
and look upon savages as the degenerate descendants of much superior 
parents, must still admit that our ancestors were once mere savages, 
and may find therefore much interest in this study; but it no doubt ap- 
pears far more important to those who think, as I do, that the primitive 
. condition of man wasoneofbart>ariRm,and that the history of the liuuuiu 
race has, on the whole, been one of progress. 

I do not of course .suppose that every jieople must necessarily advance; 
but those who do not, will assureiUy bo replaced, sooner or later, by 
more worthy races. Nor does progress take place alike, or pari passu, 
in all nations. The Greeks, though very advanced in arts, were extremely 
backward in other respects. Even the most civilized races show truces, 
and often more than traces, of iheir former barbarism. 

N^or do I mean that our modern savages in all respects reproduce the 
condition of our ancestors in early times ; on ^e contrary, even the 
Australians have now codes of laws and rules which have grown up 
gradually, and cannot have existed originally. I feel satisfied, however, 
that from the study of modem savages we can gain a correct idea of 
man as he existed in ancient times, and of the stages through which our 
civilization has been evolved. 

As regards their habits indeed, and the material conditions of life, 
savages differ greatly. The Esquimaux, m the land of ice and seals, 
the hunters of the American forests and prairies, the beautiful island- 
ers of the still more beautiful islands in the Pacific, the Tartars of the 
Siberian steppes, the Negroes of tropical Africa, necessarily differ 
greatly in their diet, their clothes, their houses, &c ; but, on the other 
hand, as regards ideas and customs, the case is different, and we find 
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very remarkable similarities even in tjie most distinct races and the 
' most distant regions of the globe. 

I propose, therefore, on the present occasion, more especially to call 
yonr atteutiou to the social or family relations, and the reUgious ideas 
of the lower races. 

Our ideas of relationship, founded as they are on marriage, seem so 
natural and obvious, that we are at first inclined to regard them aa 
baring been original and commou to them ; this, however, as I shall 
attempt to show yon, would be a mistake. Indeed, the position of 
woman is, among the lower savages, melancholy in the extreme, and 
precludes all those tender and sacred feelings to ^hich so much of onr 
best and purest happiness is due. 

Again, the religion (if so it can be called) of savages differs greatly; 
nay, in some respects, is the very opposite of onrs. 

The whole mental condition of the savage, indeed, is so dissimilar 
from ours that it is often very difficult for us to follow what is passing 
in his mind, or to understand the motives by which he is actuated. 
Many things appear natural, and almost self-evident to htm, which pro- 
duce a very ditterent effect upon us. " What^" said a Negro once to Bur- 
ton, " am I to starve while my sister has children whom she can sellT 
Thus, though savages always have a reason, such as it is, for what they 
do and what they think, these reasons often seem to us irrelevant or 
absurd. Moreover, the difficulty of understanding what is parsing in 
their minds is, of course, much enhanced by the differences of language. 

These have produced many laughable mistakes. Thus, when Lahil- 
lardifere inquired of the Friendly Islanders (whose Inngnage we now 
perfectly undei-stand) what was their word for 1,000,000, they seem to 
have thought the question absurd, and gave him a word which has no 
meaning ; when he asked for 10,000,000, they said " looole," which I will 
leave unexplained; for 100,000,000, " laourtoua," which means "non- 
sense;" while, for still higher nnmbers, they gave him, in joke, certain 
coarse expre^ious, which he has gravely recorded in his table of nu- 
merals. 

A mistake made by Dampier led to more serious results. He had 
met some Australians, and apprehending nn attack, he says, "I dis- 
charged my gun to save them, but avoided shooting any of them, till, 
finding that we were in great danger from them, and that though the 
gun a little frightened them at first, yet they had soon learned to despise 
it, tossing np their hands, and crjing pooh, pooh, pooh ; and coming on 
afresh with a great noise, I thought it high time to charge again and 
shoot one of them, which I did." 

Thus, this wretched savage lost his life because Dampier did not 
reiuemher that i>ooh, gooh, or puff, puff, is the name which savages, like 
children, apply to guns. 

Again, the modes of salutation among savages are sometimes very 
curious, and their modes of showing their feelings quite unlike ours. 

Kissing seems to us so natural an expression of affection, that we 
should expect to find it all over the world. Yet it was unknown to the 
Australiaus, the New Zealanders, the Faponans, the West African 
Negroes, and the Esquimaux. 

The Polynesians and the Malays always fit down when speaUng to a 
superior. In some parts of Central Airica it is considered respectful to 
turn the back to a superior. 

Captain Cook asserts that the inhabitants of Mallicolo, an island in 
the Pacific Ocean, show their admiration by hissing ; the Todas of the 
Neilgherry Hills, in India, are said to show respect by raising the opeo 
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right hand to the brow, resting the thamh on the noae; it is asserted 
that among the Esquimaux it is customary to paU a person's nose as a 
compliment; a Chinaman puts on his hat where heshonld take it off, 
and among the same curious people a coffin is regarded as a neat and 
appropriate present for an aged person, especially if in bad health. 

Under these circumstances we cannot wonder that we have very cou- 
tradictOTj accounts of the character and mental condition of savages. 
Nevertheless, by comparing together the accounts of different travelers, 
we can, to a great extent, eliminate these sources of error, and we are 
mncli aided in this by the remarkable similarity between very different 
races. So striking, indeed, is this likeness, that difiereut races, in sim* 
ilar stages of development, oft«n present more features of resemblance 
to one another than the same race does to itself in different stages of its 
history. 

Some ideas, iude'ed, which seem to ub at first inexplicable and fantas- 
tic, are yet very widely distributed. I will only allnde to two. 

Probably every Englishman who bad not studied other races, would 
be astonished to meet with a nation in nhich, on the birth of a baby, 
the father and not the mother was pnt to bed and nursed. 

Yet, thongh this custom seems so ludicrous to ase, it prevails very 
widely. 

Father Dobritzhoffer tells ns that among the Abigrones of South 
America, " no sooner do yon hear that a woman has borue a child, than 
yon see the husband lying in bed, huddled up with mats and skins, lest 
some ruder breath of air should touch him, and for a nomber of days 
abstaining religiously from certain viands; you would swear it was be 
who had had the child. " ■ » x had read about this iu old times, 
and laughed at it, never thinking I could believe such madness; and I 
used to suspect that this barbarous cnstom was related more in joke than 
in earnest, but at last I saw it with my own eyes among the Abigrones." 

Other travelers mention the esisteuce of a similar custom in Green- 
land, in Kamtchatka, in parts of China, in Borneo, in the north of Spain, 
in Corsica, and in the south of France, where it was called '^/aire la 



It is of course evident that a cnstom so ancient and so widely distri- 
buted must have its origin in some idea which satisfies the savage 
mind. 

Several explanations have been suggested. Professor Max Milller 
says, "It is clear that the poor husband was at first tyrannized over by 
his temale relations, and afterward frighteneil into superstition. He 
then began to make a martyr of himself, till he made himself really ill, 
or took to his bed In self-defense." 

Lafltau, to whom we are indebted for an excellent work on the manners 
of the American Indians, regards it as arising from a dim recollection of 
original sin, rejecting the explanation given by some of the savages 
themselves, and which I have little doubt is the correct one, that they 
do it because they believe that if the father is engaged in any rough 
work, or was careless in his diet, the infant would suffer. 

This idea, namely, that a person imbibes the characteristics of an ani- 
mal which he eats, is very widely distributed. The Malays at Singapore 
nsed to give a large price for the flesh of the tiger, not because they 
liked it, but because they beheved that the inan who e-ats tiger will be- 
come as wise and powerfnl as that animal. The Dyaks of Borneo havo 
ft prejudice against the flesh of the deer, which the men may not eat, 
thongh it is allowed to the women and children. The reason given is that 
if the men were to eat venison, they would become as timid as deerJp 



344 SOCIAL AND EELIGIOUS CONDITION OP 

The Caribs will not eat tlie flesh of pigs or of tortoises lest they should 
get small eyes. The Dacotahs of North America eat the liver of the dog, 
that they may become as wise aocl brave as that animal. 

The New Zealanders, after baptiziDg au infant, used to make it swal- 
low |>ebbles, so that its heart might be hard and incapable of pity. So 
also after a battle, they used to cook and eat the bravest and wisest of 
their fallen enemies, expecting thus to secure a share of their wisdom 
and courage. 

Another curious idea very prevalent among savages is their dread of 
having their portraits taken. The better the likeness the worse they 
think for the sitter; so much life could not he put into the copy except 
at the exT>en3e of the original. 

Once, when a good deal annoyed by some North American Indians, 
Kane got rid of them instantly by threatening to .draw them if they 
remained. 

Catlin tells an amusing hut melancholy anecdote in illustration of this 
feeling among the same people. Ou one occasion he was making a like- 
ness of a chief named Mahtocheega, in profile. This, when observed, 
excited much commotion among the Indians. "Why was half his face 
left outf they asked, "Mahtocheega was never afraid to look a white 
man in the face." Mahtocheega himself does not seem to have takea 
any offense, but Shouka, a hostile chief, took occasion to tauut him. 
"The Englishman," he said, "knows that you are but half a man; be 
has painte<l but one-half of your face, and knows that the i-est is good 
for nothing." This taunt led to a fight, in which poor Mahtocheega was 
killed, and the whole affair was very unfortunate for Mr. Catlin, who 
had much difficulty in making his escape, and lived some time in fear of 
his life. 

Wo cannot wonder that writing should appear to the savage even 
more mysterioos and 'uncanny than drawing. 

Carver allowed the Caniuliau Indians to open a book wherever they 
pleased, and theu told them the number of leaves on each side. The 
only way they could account for this, he says, '* was by concluding that 
the book was a spirit and told me whatever I asked." 

Further south the Minnatarrccs, seeing Catlin intent over a copy of 
the A'ew York Commercial Advertiser, were much puzzle<l, but at length 
concluded that it was a cloth for sore eyes. One of them eveutuallj' 
bought it at a high price. 

This belief in the mysterious character of writing has led to its being 
nsed in many parts of the world as a medicine. 

The Central AtVicans are a religious people according to their lighte, 
and have great faith iu the efficacy of prayers. When any one is ill, 
they write a test out of the Koran on a board, wash it off, and make 
the patient drink it. The French traveller, Cailli^, met with s man 
who had a great reputation for sanctity, and who made his living by 
writing prayers on a board, washing them off, and then selling the 
water, which was sprinkled over various objects, and supposed to 
improve aud protect them. It was soon observed that the charms were 
no protection from fire-arms; butthatdid not the least weaken the faith 
in them, because they said, as guns were not invented in Mohammed's 
time, he naturally provided no si>ecific against them. 

OSNAMENTS. 

Savages are passionately fond of ornaments. If in the very low races 
the women are often wholly undecorated, this is only because the m^ 
keep all the ornaments to themselves. 

D„:,iP<.-jM,C00glc 
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As a general rule, we may say that races iDbabiting hot climates 
ornament themselves ; those of colder countries, their clothes. In fact, 
all savage races who have much of their skin UDCOvered, delight in 
painting themselves in the most brilliant colors. 

Although perfectly naked, the Australians of Botany Bay were, as 
Captain Cook qnaiutly puts it, " very ambitious to he tine." Through 
tlio nose they wore a bone, as thick as a man's finger, and fi\e or six 
inches long. This was of course very awkward, as it prevented thorn 
from breathing through the nose; hnt they submitted cheerfully to the 
iuconTentencc for the sake of the appearance. 

They bad also necklaces made of shells neatly cnt and strung together, 
earrings, bracelets of small cord, and strings of plaited human hair, 
which they wound round their waints. Some also bad gorgets of lai^e 
shells hung round their neck; and on all these ornaments tliey placed 
a high value. 

They also painted themselves, red and white being the principal colors. 
The red was laid on in broad patches ; the white generally in stripes, 
or on the face in spots, often with a circle round each eye. 

Spix and Martins thus describe the t>rimment8 of a Coroado woman, 
whom they saw in Brazil : " On the cheek she had a circle, and over 
that two strokes ; under the nose several marks resembling an m ; from 
the comers of the mouth to the middle of the tiheck were two parallel 
lines, and below them on both sides many straight stripes ; below and 
between her breasts there were some segments of circles, and down her 
arms the figure of a snake was depicted." She also wore a necklace of 
monkey's teeth. 

Indeed, savages wear necklaces and rings, bracelets, and anklets, 
armlets and leglets; even, if 1 may say so, bodylcts. Ilound their 
bodies, round their necks, round their arms and legs, their fingers, and 
even their toes, they wear ornaments of all kiuds. Licbtensteiu saw 
the wife of a Beetuan chief, in South Africa, wearing no less than 
seventy-two brass rings. 

Nor are they particular as to the material— copper, brass or iron, 
leather or ivory, stones, shells, glass, bits of wood, seeds or teeth — 
nothing comes amiss. In the Lonisiade Archipelago, McGillivray saw 
several bracelets made, each of a human lower jaw, crossed by a collar 
bone; and other travelers have seen brass curtain rings, brass keyhole 
plat«s, lids of sardine cases, and other such incongruous objects, worn 
with much gravity and pride. 

Many races are very careful about their hair. The Feejee Islanders 
train it into elaborate wigs, wbich take some years to arrive at pertec- 
tion^ so that they cannot sleep as we dOj but are compelled to use neck- 
rests. The islanders north of Australia, though among the lowest of 
savages, are in the habit of dyeing their hair red. 

Not content with hanging things on their bodies wherever nature has 
enabled them to do so, savages often cut holes in themselves for the 
purpose. 

The Esquimaux, from Mackenzie River westward, make two openings 
in their cheeks, one on each side, iu which they wejir stoue ornaments 
shaped like a large shirt-stud, and which may bo called cheek-studs. 

Throughout a great portion of Western America, and in parts of 
Africa, it is the custom to wear a large piece of wood in the lower 
lip. A small bole is made in the lip during infancy, and it is then 
enlarged by degrees, the size of the lower lip being the principal criterion 
of beauty. 

Other races, iu the saine manner, enlarge the lobe of the^ew. antilit 
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sometimes reaches tbe shoulder. Others file the teeth in various mao- 
ners. Dr. Barnard Daris has a Dyack sku)l from Borneo, in which tlie 
six ftont teeth are each ornamented by having a small brass pin driven 
into them. 

Ornamentation of the skin, again, is almost universal among tbe 
loirer races of men. In some cases every individaal follows his own 
fancy; in others, each class has its own pattern. 

Thus, the Bormouese of Central Africa have twenty cats or lines on 
each side of the fitee, one in the center of tbe forebewl, six on each 
arm, six ou each leg, four on each side of the chest, and nine on each 
side just above the hips. This makes ninety-one large cats, and tbe 
process is said to be extremely painful, espeeiaQy on account of the heat 
and flies. 

The most familiar example, however, of this mode or omamentation 
is the tattooing of the Xew Zealanders, which also causes much inflam- 
mation of the skin and great suffering. 

Many other cases migbt be given in which savages ornament them- 
selves, as they suppose, in a manner which must be very painful. 

Even the shape is forcibly altered by some races of men. Tbus the 
Chinese cripple their ladies by preventing tbe growth of the feet: and 
some of the American races even entirely alter the shape of tbe bead, 
by tight bandages applied to tbe uewly-bom infant, a process which one 
would have expected toaflfect tbe intellect, thoagh, as far as the existing 
evidence goes, it does not appear to do so. 



Those who have not devoted mnch attention to the subject have 
generally regarded tbe savage as having, at least, one advantage 
over civilized man, that, namely, of enjoying aa amount of personal 
freedom greater than that of individnala belonging to more civilized 
communities. 

There cannot be a greater mistake. The savage is nowhere free. All 
over the world his lite is regulated by a complicated set of rules and 
customs as forcible as laws, of quaint prohibitions, and unjust privileges.— 
the proiiibitious generally applying to tbe women, and the privileges to 
the men. 

The Australians, says Mr. Laing, "instead of enjoying perfect per- 
sonal freedom, as it would at first appear, are governed by a «>de 
of rules and a set of customs whicli form one of tbe most cruel t.'^Tannies 
that has ever perhaps existed on tbe face of the earth, subjecting not 
only the will, bat the property and life of tbe weak to the dominion 
of the strong. The whole tendency of tbe system is to give everything 
to the strong and old, to the prejudice of the weak and yonng, and more 
particularly to the detriment of the women. They have rules by which 
tbe best food, tbe best pieces, the best animals, &<;., are prohibited to 
tbe women and young men, and reserved for the old. The women are 
generally appropriated to tbe old and powerful, some of whom possess 
from four to six wives; while wives are altogether denied t« young men, 
unless they have sisters to give in exchange, and are strong and 
conrageous enough to prevent their sisters from being token without 
exchange." 

In Tahiti "the men were allowed to eat tbe flesh of the pig and of 
fowls, and a variety of fish, cocoa-nuts, and plantains, and whatever was 
presented as nn oB'ering to the gods, which the females ou pain of death 
were forbidden to touch, as it was supposed they would pollute them. 

l,,oo;;Tc . 
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The Are oe wbicli the men's food waa cooked was also sacred, and was 
forbidden to be used by the females. The baskets in wbicb their pro- 
visioD was kept, and the bouse in which the men ate, were also sacred, 
and prohibited to the females under the same cruel penalty." 

" To believe," says Sir George Grey, " that man in a savage state is 
endowed with freedom, either of tbongbt w action, is in the highest 
degree erroueons." 

Moreover, if savages pass nnnotlced many actions which we deem 
highly criminal, on the other hand tbey strictly forbid others which we 
regat^d as altogether immaterial. Tbns the Mongols of Siberia think it 
wi'ODg to touch fire 'with a knife, to use one for taking meat out of s 
pot, to cut up wood near a hearth, to lean on a whip, to pour liquor on 
tbe ground, to strike a horse with the bridle, or break one bone'agalDsfc 
ano&er. 

Even iu the choice of their wives, savages in many cases have rules 
which greatly restrict their power of selection. 

In Australia (where, by the way, the same family names are common 
over almost the whole continent) no man may marry a woman of tbe 
same name as bis own, even though she may be no relation whatever. 

in Eastern Africa, Burton says that "some clans of Somal Arabs will 
□ot muiTy one of the same family.** 

Throughout India we find that tbe bill tribes are divided into septs 
or clans, and that a man may not marry a woman belonging to bis own 
clan. 

Tbe Kalmucks of Tartaryare divided into hordes, aod a man may not 
marry a girl of his own horde. "The bride," says Bergman, "is always 
chosen from another stock : among the Derbcts, for instance, from tbe 
Torgot stock, and among the Torgots from tbe Derbet stock." 

The Biime custom prevails among the Cireassiaus and the Samoyeds 
of Siberia. The Ostyaks and Yakuts also regard it as a crime to many 
a woman of tbe same family, or even of the same name. 

Among the North American Indians every tribe is divided into clans, 
generally from three to eight clans iu each tribe, and no man is allowed 
to marry a woman of bis own clan. 

Again, far from being informal or ext«m.porary, the salutations, cere- 
monies, treaties, and contracts of savages are characterized by the very 
opposite qualities. 

Eyre meotioos that, iu their intercourse with one another, natives 
of different Australian tribes are exceedingly punctilious. Mariner 
gives a long account of the elaborate ceremonies practiced by the Toa- 
gans, and of their almost superstitions regard for rank. Thus, the king 
was by no means the man of highest rank. The Tooitonga, Veacbi, and 
several others preceded him. Indeed the name Tooitonga means liter- 
ally "Sovereign of Tonga;" theofiice, however, was wholly of a religious 
character, tbe Tooitonga being reg^trded as descended from the gods, 
if not as a deity himself. 

The Egbas, a Negro race of West Africa, are described by Burton as 
extremely ceremonious, and have a gi'eat lariety of salutations, appli- 
cable to every possible occasion. K an inferior meets a superior, there 
are several modes of showing respect. Captain Burton calculate that 
every one spends at least one hour a day in these troublesome ceremonies. 

In tlie religious ceremonies of Tahiti, Williams mentions that "how- 
ever large or costly the sacrifice that had been oflered, and however 
near its close the most protracted ceremony might be^ if the priest omitted 
or misplaced any word in tbe prayers with wbich it was accompanied, 
or if his attention -was diverted by any means, so that the prayer was 
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*hai' or broken, the whole was rendered unavailable} he most prepare 
other victims, and repeat his prayers over from the commencement." 

Again, in FeejeCj which is iuhahited by a totally different race, we 
are told that pubhc business was conducted with tedious formality. 
Old forms are strictly observed and innovations opposed. An abun- 
dance of measured clapping; of hands, and subdued exclamations, cliarac- 
terize these occasions. Wliales' teeth and other property are never 
exchanged or presented without a tedious ceremonial. 

But little consideration is required to show that this is quite natural. 
In the absence of writing, evidence of contracts most depend on the tes- 
timony of witnesses; and it is necessary, therefore, to avoid all haste 
which might lead to forgetfulness, and to imprint the ceremony as much 
as [>ossibIc on the minds of those present. 

Among the lower races of men the chiefs scarcely take any cognizance 
of crime. As regards private injuries, every one protects or revenges 
himself. Thus, among the North American Indians, even in cases of 
murder, the family of the deceased only pnuish the aggressor if they 
can. - The chiefs and nilers do not feel called on to interfere. Indeed, 
it would seem that the objpct of legal regulations w;i8 at first not so 
much to puuisb tho offender as to restrain and mitigate the vengeance 
of the aggrieved party. 

The amount of legal revenge, if I may so call it, is often strictly regu- 
lated, even where we should least expect to find such limitations. Thus, 
ill Australia* "crimes may be compounded for by the criminal appear- 
ing and submitting liimsetf to the ordeal of having spears thrown al him 
by all such {tersons as conceive themselves to have been aggrieved, or 
by permitting spears to be thrust through certain parts of his body, 
such as through the thigh, or thecalf of the leg, or under the arm. The 
part which is to be pietcfd by a spear is fixed for all common crimes, 
and a native who has incurred this penalty sometimes quietly holds out 
bis leg for the injured party to thrust his siKar through." So strictly 
is the amount of punishment limited, that if, in indicting such s^iear 
wounds, a man, cither through carelessness, or from auy other cause, 
exceeded the recognized hmits, if, for instance, be wounded the femoral 
artery, he would in his turn become liable to punishment. 

Such cases as these seem to throw great light on the origin of the idea 
of property. As soon as any rnles were laid down regulating the nature 
or amount of revenge for disturbance in jio&session, or when the chief 
thought it worth while himself to settle disputes so arising, and thus, 
while increasing his own dignity and influence, to check quarrels which 
might otherwise prove iiijurious to the tribe, the natural effect would be 
to develop the idea of mere [)OSsessiou into that of projierty. 

Since, then, crimes were at first regarded as mere ix>rsoual matters, 
in which the aggressor and his victim alone were interested, every 
crime, even murder, might be atoned for by the payment of a sum of 
money. 

Among the Anglo-Saxons every part of the body had a recognized 
value. Thus, the loss of a ti-ont tooth was valued at six shillings; that 
of a beard was reckoned at twenty shillings; while the breaking of a 
thigh was only put at twelve, and of a rib at three; facts which show 
both the high value of money, and also the imporiance attached by our 
ancestors to their personal appearance. Moreover, these payments had 
reference to the injury done, and had uo relation to the crime as a crime. 

This is, no doubt, the origin of the great difference in the i^ualties 
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inflicted by ancient laws on manifest and non-manifest thieves, tliat is, 
on ofifendere caagbt in tlie act, and those only detettted after delay. 
Thus, in the old lioman law the manifest tliipf, who was cangbt iu the 
act, or with the goods still upon him, became the slave of tlie person 
robbe*!; while the non-manifest thief was only compelled t« pay twice 
the value of what he had stolen. 

The same principle occurs iu the Oerman and in the North American 
Indian laws, thns following the rule of private vengeance, and the pro- 
portion of revenge likely to be taken by an aggrieved person under such 
circumstances. 

The severity of early codes, and the nniformity of punishment which 
characterizes them, is probably due to the same cause. An individual 
who felt himself aggrieved would not weigh very closely the amount of 
vengeance he was entitled to inflict ; and as it wonid be the object of 
early lawgivers to encoarage resort to tlie public tribunals, and to dis- 
courage i)rivnte vengeance, they would imturally feel it undesirable that 
the penalty imposed by law should at first be much less than that which 
custom allowed the party aggrieved to take for himself. 

HABBIAGE AND BELATlONSHrPS. 

Another subject on which savages entertain notions very different &om 
ours is that of relationships. All our ideas of relationship are founded 
on marriage and on the family. We regard a child as related equally 
to its father and its mother ; we make no difference between a father's 
brother and a mother's brother on the one hand, a father's sister and a 
mother's sister on the other. They are respectively uncles and aunts. 
But among savages it is not so. The relationship to the elan almost 
supersedes that to the family. Thepositiouof the women is very unfor- 
tunate. They are treated like slaves, or almost like domestic animals. 
Thus, in Australia, little real affection exists between husband and wife, 
and yonng men value a wife principally for her sers-icea as a slave; in 
fact, when nsked why they are anxious to obtain wives, their usual reply 
is, that they may get wood, water, and food for them, and carry what- 
ever property they possess. 

The position of women in that country seems, indeed, to be wretched 
in th<> extreme. 

"Few women," says Eyre, "will be found upon examination to be free 
from frightful scars upon the hCad, or the marks of spear wounds about 
the body. 1 have seen a young woman who, from the number of these 
marks, appeared to have been almost riddled with spear wounds." And 
it seems that, if they are at all good-looking, their position is, if possible, 
even worse than otherwise. 

Even in marriage, there is, among the lowest races of men, little 
feelingof love; many of the lower languages are sadly deficient in terms 
of affection. Pure love-songs are almost unknown, or very nvre, among 
the lowest races of men. From the nature of their dwellings, there is 
much less privacy than among onrselves ; the clan feeling is strong, 
and the tribe generally has an interest in the produce of the chase or 
fishery of each. These and other circumstances strengthen the feeling 
for the tribe as against that for the family. 

Many instances, indeed, are recorded among the lower races nf men 
where marriage may be said to be unknown, and where children must, 
therefore, t>e regarded as related by tribal rather than ftimily connections. 
Traces of this state of things exist in some cases long alter the actual 
condition has ceased to exist. 

Thus, even in our own language, words which now indieate rala^n- 
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ship had, originally, no such signiflcatloii : the wotA daaghter, for in- 
stance, meaning literally "milkmaid^^and thne datiog back to a time 
when oar ancestors did not recognize the "family" as it now exists 
among as. Mr. Morgan has pointed out a very interesting illustration 
of the same fact in Uie language of the Sandwich Islands. The word 
"aaheena^ stands equally for wife, wife's sister, brother's wife, and 
wife's brother's wife. So again, '^kailcee," child, also signitles brother's 
wife's child and wife's brother's wife's child. The same ideas of relation- 
ship are indicated by the application of the word " famo," i. e. husband. 

That this does not arise from mere poverty of language is evident, 
becanse the same system discriminates between other relationships we 
do not distinguish from one another. 

Perhaps the contrast is most clearly shown in the words for brother- 
in-law and sister-in-law. Thns, if a woman is speaking, the word for 
sister-in-law=hasband's brothei^s wife, iapunalua, and for 6ister-in-law= 
husband's sister, Jcaikoaka; but brother-in-law, whether sister's husband 
or hnsband's brother, is /cana=husband. On the contrary', when a man 
is speaking, the word for sister-in -law = wife's sister or brother's wife, is 
wakeena=\ri{e; but brother-in-law = wife's brother, is kaikoaka, and for 
wife'ii sister's husband, punalua. Thus, a woman has hnsbands and 
sisters-in-law, but no brothers-in-law, while a man has wives and brothers- 
in-law, but no sisters-in-law. The same idea mns through all other 
relationship, coasins being regarded as brothers and sisters. So again, 
while the Bomans distinguished between father's brother =j)a(mrt», and 
mother's brothers avunculii*; and again, father's sister=amita, and 
mother's si8ter==m»fei-(cra; the two first in Hawaiau are mdkua liana. 

Thns, the idea of marriage does not in &ct exist in the Sandwich 
Island system of relationship. Unclesbips, auntships, consinships, are 
ignored, and we have only grandparents, parents, brothers and sisters, 
(^ildreuj and grandchildren. 

Here it is clear that the child is related to the group. It is' not 
specially related either to its father or its mother, who stand in the same 
relation as mere uncles and anuts, so that every child has several fatheis 
and several mothers. 

To our English ideas, the qnestion of the origin of marriage seems 
devoid of difficulty, nay, even of signiflcanca The married state is one 
with which we are so familiar, it is so interwoven with all our family life, 
all our sense of social duty, that we are apt to regard it as universal and 
atwriginal. Tliis, however, is not the case. Facts like those jnst refer- 
red to — and, if time permitted, many others m'igbt be given — show that 
the condition of the lowest races of men is that not of individual marriage 
as it exists among us, but of communal marriage, if I may call it so. 
Even, however, under the system of communal marriage, a man who had 
captured a beautiful girl in some marauding expedition would wish to 
keep her to himself. She did not belong to the tribe ; they had no right 
to her ; he might have killed her if he bad chosen ; and if he preferred 
to keep her alive, it was no affair of theirs; she was as much Ins indi- 
vidual property as his spear or his bow. Hence a form of individual 
marriage would rise up by the side of the communal marriage, Tliis 
theory explaius the extraordinary sabjection of the woman in marriage; 
it explains the very widely distribut«d custom of " exogamy," or that 
custom which forbids marriage within the tribe; the necessity of expia- 
tion for marriage, as an infringement of tribal rights, since, according 
to old ideas, a man had no right to appropriate to himself that which 
belonged to the whole tribe ; and, lastly, the remarkable prevalence of 
the form of capture in marriage. ^ 
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Among -the mdest races capture is fiir more tban a form, and it is 
cii8tomar7 for men to steal women by force from other tribes. 

Eearne, vho kucw the North American Indians thoroaghly well, and 
whose statements hnve been confirmed by subttequent travelers, as for 
instance by I'mnklin and Richardson, nssures ne that among the North- 
ern tribes, it has ever been the custom for the men to wrestle for any ■ 
ivomau to whom they are attached; and of course the strongest always 
carries off the prize. "A weak man," be adds, "is seldom permitted to 
keep a wife, that a stronger man thinks worth his notice," which, he says, 
"keeps up a great spirit of emulation among the yonng men." It must 
be observed that tliis is not regarded as any arbitrary exercise of power, 
but it is a recognized right that a strong man may carry off the wife of 
a weaker one if be can ; and it would appear ttiat even the women acqui- 
esce in this custom without a murmur. 

I will now give a few instances, in order to show how widely this 
eastern of marriagfs by capture prevails among the lower races of men, 
and that traces of it linger even among those higher in the scale of civ- 
ilization. 

In Australia, the ardent lover steals on the dark object of his affections, 
knocks her down with bis club, aud drags her off in triumph. This 
violent affection is not resented by the relations of the woman, if they 
arc not able to rescue lier at the moment. On the contrary, she is recog- 
nizee! as the legal wife of her captor. 

In Bali, one of the iolands between Java and New Gainea, it is stated 
to be the practice that girls are stolen away by their lovers, who carry 
Ibem off by force to the woods ; when brought back tVom thence the 
poor female becomes the slave of her rough lover, by a certain compen- 
sation being paid to her relatives. 

Si>c3king of the Khonds, a tribe in India, Major General Campbell 
mentions that, on one occasion, hearing loud cries, be went to see what 
was the matter, and found a man cariying off a girl, while twenty or 
tbirt,y friends protected liim from the attacks of a number of women, who 
were attempting to rescue the bride. The struggle continued until the 
bridegroom reached his own bouse, and General Campbell was assured 
that, among the Khonds, marriages were always solemnized in this 
manner. 

Among the K^mucks of Central Asia the marriage ceremony is eveix 
more romantic. The girl is put on a horse and rides off at full speed. 
When she has got enough start the lover starts in pursuit ; if he catches 
her, she becomes liis wife; but if be cannot overtake her, the match is 
broken off; and we are assured, which I can well believe, that no Kal- 
muck girl was ever caught against her will. 

Again, among the Ahitas of the Philippine Islands, when a man 
wishes to marry a girl, her parents send her before sunrise into the 
woods. She has an hour's start, alter which the lover goes to seek her. 
If he finds her aud brings her back before sunset, the marriage is ac- 
knowledged ; if not, he must abandon all claim to her. 

" The aljorigines of the Amazon Valley," says Wallace, *• have no par- 
ticular ceremony at their mamages, except that of always carrying 
away the girl by force, or making a show of doing so, even when she 
ami her parents are quite willing." 

M. Bardel mentions that among the Indians round Conception, in 
Chili, ou the other side of the Amies, after a man has agreed on the 
price of a girl with her parents, the recognised mode of proceeding is 
that he surprises her, or is supposed to du so, and carries lier off to the 
woods for a few days, alter which the happy couple return lioiue. . 
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As regards Europe, we find just the same tbing; the Komans had a 
Bimihir custom, and traces of it occar in Greek historj-. 

So dex-ply rooted is the feeling of a connection between force and 
marriage, tlint we finil the former used as a form long after all necessily 
for it as a reality had ceased to exist ; and it is very interesting to trace, 
as Mr. McLennan has done, the gradual stages through which a stem 
reality softens down into a mere spnbol, 

VoT, as communities became larger and more civilized, the actual cap- 
ture became inconvenient, and, indeed, impossible. Gradually, therefore, 
it snnk more and more into a mere form. 

In Korth Fricsland the bride makes a show of resistance, and is lifted 
by mock force into the wagon which is to take her home. 

Hence, no doubt, the custom of lifting the bride over the doorstep, 
which Occurs or did occur among the Romans, the redskins of Canada, 
the Chinese, and the natives of Abyssinia. Uence, also, perhaps our 
custom of the honeymoon j and hence, also, may be, as Mr. McLennan 
has suggested, the Ripper is thrown iu mock anger after the departing 
bride and bridegroom. The latter suggestion is indeed very doubtful; 
still it is remarkable how x>erKistent are all customs and ceremonies con- 
nected with marriage. Thus our "bridecake," which so invariably 
accompanies a wediling, and which must always be cut by the bride, 
may De trace<i back to the old Roman form of marriage by " confarreatio^ 
or eating together. So also imong the Iroquois, tite bride and bride- 
groom used to partake together of a cuke of sagamite, which the bride 
always ofiered to her husband. Again, among several of the Indian Hill 
tribes, the bride prepares some drink, sits ou her lover's knee, drinks 
half herself, and gives him the rest. 

It requires strong evidence, which, however, exists in abnudance, to 
satisfy us that marriage was, iu its origin, indepen4lent of all sacred and 
social considerations; that it had nothing to do with mutual atfeetion 
or consent; indeed, that all appearance of consent was forbidden ; so 
that it was symbolised not by any demonstration of warm affection on 
the .one side, and tender devotiou on the other, but by brutal \iolence 
and uuwiUing submission. 

Yet, us already mentioned, the evidence is overwhelming. Marriage 
by capture, either as a reality or as a form, has been shown to exist in 
Australia, and among the Malays, in Hindostan, Central Asia, Siberia, 
and Kamtehatka, among the Bsquimanx, the northern red.skins of 
America, the aborigines of the Amazon Valley, in Chili and iu Tierrfv 
del Fuego, in the Pacific Islands, in the Philippines ; among the Arabs, 
Uegroes, and Curassians ; and, until lately, iu various parts of Northern 
Europe. 

I will now proceed to the consideration of the statement that the 
second stage in the developmeut of the idea of family consists in the 
recogintion of relationship to the mother, that to the lather being still 
overlooked. 

In almost all tropical countries polygamy is very frequent; the chiefs 
especially take to themselves a large number of wives, u Western 
Africa, for instance, the king of Aabautee made it a point of honor to 
have always 3,333 wives. Among hmiting races, though polygamy is 
less prevalent, men who are irowerful, either physically or socially, fre- 
quently appropriate to themselves the wives of those who are weaker. 
Either of these conditions — either the multiplicity of wives, or frequent 
changes, would weaken very much the tie between father and child. 
Bence, probably, the curious fact, that in many parts of the world a 
man's property does not descend to his own children, but to those of his 
I. ■■, ii.C.oo'slc 
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8i.stor; relationsbip, and, coDsequently, iofaeritaDce, being held to descend 
ill the temalc lice, and not io tbe male, as among ourselves. 

Tilts is tbe case amoDg the Negroes of Guioea, among tbe Berbers iu 
North Africa, and tlic Anibs in tbe East. It occurs among several of 
the Uindostau tribes, among the Battas of Sumatra, the red Indidos of 
North America, the black islaiidexs of tbe Pacific, and elsewhere. 

Obviously, however, as civilization progiessed, and the moral feelings 
became stronger, a feeling of opposition to these arrangements would 
arise. As family life became more developed, the affection between 
father and child would become stronger; and as property became more 
important, men would wish their goods to descend to their own children, 
who would themselves obviously desire to inherit their father's property. 

And as man, like a i>endutum, always passes from one extreme to 
another, so, having long considered that children were related to their 
mother, but not to their father, when they recognized the relation on 
the paternal side, they went into the other extreme, and neglected that 
to the mother. 

How completely the idea of relationship thniugh the father, when 
once recognized, superseded that through the mother, we may see in the 
very curious trial of Orestes — the son of Agamemnon and Clytem- 
nestra — as recorded by an ancient Greek poet. 

Clyteranestra murdered Agamemnon, whose death was avenged by 
Orestes. For this act he was fabled to have been prosecuted before 
the Greek gods by the Furies, whose daty it was to punish those, and 
those only, who had slain their relatives. . 

In his defense Orestes asked them, why they did not punish his 
mother, Clytemnestra, for the murder of her liusbaud, Agamemnon, 
and when they answer that marriage does not constitute blood-relation- 
ship, he pleads that, by the same rule, they cannot touch him, because, 
he says, a child is a relation to his father, but not to its mother. 

This view, which seems to us so unnatural, was nevertheless supportetl 
by Apollo and Miuer\'a, and being adopted by a m^ority of the judges, 
led to the acquittal of Orestes. 

Hence we see that at first the feeling of clanship prevailed Kither 
than that of family, and that children were regarded as related to the 
tribe rather than to their parents; that, secondly, they were considered 
to be related to the mother, but not to the father; thirdly, to the father, 
but not to the mother; lastly, and lastly only, as among ourselves, to 
both father and mother. 

We see, therefore, that the lowest savages are entirely deficient in tbe 
idea of marriage and of family^ and that the position of women is 
wretched in the extreme. The ideas of relationship, founded on mar- 
riage, have only gradually been acquired, and thus civilization has 
raised the [wsition of woman, and making her a helpmeet instead of a 
slave, has purified and softened all tbe conditions of social life. The 
higher position of woman is one of the points in which we see most 
dearly the euormons advantage of civilization over barbarism. 

EELIGION. 

Tbe religions condition of the lower races of mankind is one of the 
most dttficult, although, at the same time, most interesting portions of 
my subject. 

It is most difflcnit, partly because it is far &om easy to communicate 

with men of a different race on such an abst>ruse subject; partly because 

many are reluctant to discuss it; but mainly because, even among those 

nominally professing the same religion, there are always in reality great 

ii3a C.OOglc 
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differences; iodividualH — as I shall endeavor to Bhow you is also the 
caae with nations — acquiring coDtiuually grander, and therefore more 
correct ideas, as they rise iit the scale of civiiization. 

Still, a« new religious ideas arise, tUey do not destroy, but are only 
superinduced upon the old ones ; thus the religion of the ancestors be- 
come the nursery tales of their descendants, and the old Teutonic deities 
of our forefathers are the giants aod demons of our children. 

It lins hitherto been usual to classify religions either according to 
the name of the founder or the objects worshipped. Thus one division 
of the lower religions has been into Fetichism, defined as the worship of 
material substances; Sabxisai, that of the heavenly bodies, the snn, 
moon, and starsj and Heroism, or the deification of men after death. 
This and other similar systems are simple, and have certainly some ad- 
vantages, especially as regartls the lower races of men and the lower 
forms of religion. They are not, however, really natural systems ; there 
is no real difference betweeu the worship of the sun and that of a rook 
or lake. No doubt to us the sun seems a grander deity, but of the main 
facts on which that opinion rests the savage is entirely ignorant. 

Moreover, Heroism is found among races as low in the scale of civili- 
zation as either Fetichism (in the above definition, which, however, I do 
not adopt) or Sabeeism, and indeed the three forms of religion iadicaled 
above may coexist in one people, and even in the same individual. The 
tme classilication of religions should, as it seems to me, rest, not on the 
mere object worshipped, hut on the nature and character ascribed to 
the deity. 

■ It is a much disputed question, into which I will not now enter, 
whether the lowest races have any religion or not. 

However this may lie, it is at least clear that the relipion of the lower 
savages is very unlike that of most advanced races. Indeed, in many 
respects it is the very opposite. Their deities are evil, not good; they 
m»y be forced into compliance with the wishes of man; they reqniie 
bloody, and r^oice even in human, sacrifices; they are mortal, not im- 
mortal; part of nature, not the creators of the world; they are to be 
approaches! by dances rather than by prayers; and often approve of 
vice rather than of wlyit we esteem as vutue. 

The ideas of religion among the lower races of man are intimately 
associated with, if indeed they have not originated from, the condition 
of man during sleep, and especially from dreams. 

Sleep and death have alvays beeu regarded as nearly related to one 
another. Thus, in classical mythology, Somnus, the god of sleep, and 
Mors, the god of ileath, were both fabled to have been the children of 
"Sox, the goddess of night. 

So, also, the savage would naturally look on death as a kind of sleep, 
' and would expect and hope — hoping on even against hope — to see hi.s 
friend awake fh>m the one as he had often done from the other. 

Hence, probably, one reason for the great importance ascribed to the 
treatment of the body after death. 

But what happens to the spirit during sleep t The body lies lifeless, 
and the savage not unnaturally concludes that the spirit has left it. In 
this he is couflnned by the phenomena of dreams, which consequently 
to the savage have a reality and an importance which we can scarcely 
appreciate. During sleep the spirit appears to desert the body, and, 
as in our dreams, we seem to visit other countries and distant regions, 
while the body remains as it were lifeless; the two phenomena were 
naturally placed side by side, and regarded as the complements one of 
the other. 
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Hence, the savage couaidera tbe events in his dreams as real as those 
which hHppen when he is awake, and hence he naturally feels that ho 
has a spirit which cau quit the body — if not when it likes, at least under 
certain circumstances. 

Thus, Burton states, that, awnirding to the Jorubans, a Western Afri- 
can tribe, "dreams are not an irregular action and partial activity of 
the brain, bat so many revelations from the spirits of the departed." 

So strong, again, was the North American faith in dreams, that on 
one occasion, when an Indian ha<I dreamed that he was taken captive 
and tortured, lie induced his friends to make a mock attack upon him, 
and actually submitted to very considerable suffering, in the hoiw that 
he would thus ful&ll his dream. 

The Greenlanders also believe in the reality of dreams, and think that 
at night their si)irit actually goes hunting, visiting, courting, and so on. 
It is of course obvious that the body takes no pai-t in these nocturnal 
adventures, and hence it is natural to conclude" that they have a spirit 
which can quit the body. 

Lastly, when they dream of their departed friends or relatives, savages 
firmly believe that they are visited by the spirits of the dead, and hence 
believe, not indeed in the immortality of the S()hI, but in the existence 
of a spirit which survives, or may survive, the body. 

Again, savages are seldom ill; their sufteriugs generally, arise from 
wounds; their deaths are generally violent. As an external ii\jury 
received, say, in war, causes pain, so when they suft'er internally, they 
attribute it to some enemy within them. Hence, when an Austi'alian, 
perhaps after too heavy a meal, has his slumbers disturbed, he is at no 
loss for an explanation, and sui)poses that he has been attacked by some 
being whom his companions could not see. 

Tliis is well illustrated in the following passage from Captain Wilkes's 
voyage: "Sometimes," he says, " when the Austmlian is asleep, Koin, 
as they call this spirit, seizes u(>on one of them and carries him off. 
The person seize<l endeavors in vain to cry oat, being almost strangled. 
At daylight, however, Koin departs, and the man §nds himself again 
safe by his own fireside." Here it is evident that Koin is a personifica- 
tion of the nightmare. 

In other cases the belief that man possesses a s|>irit seems to have been 
suggested by the shadow. Thus, among the Feejeeans: "Some," says 
Mr. Williams, "speatj of man as having two spirits. His shadow is called 
the 'dark spirit,' which they say goes to Hades. The other is his like- 
ness reflected in water or a looking-glass, aud is supiiosed to stay near 
the place in which a man dies. Probably this doctrine of shadows has 
to do with the notion of inanimate otijects having spirits. I once plated 
a good-looking native suddenly before a mirror. He stood delighted. 
'Now,' said he softly, 'I can see into the world of spirits.'" 

But though spirits are naturally to be dreaded, on various aecounts, 
it by no means follows that they should be conceived as necessarily 
wiser or more powerful than man. Of this our spirit-rappers aud table- 
turners afford us a familiar illustration. So also, the natives of the 
Nicobar Islands put up scarecrows round their villages to frighten away 
hostile spirits. The natives of Kamtchatka insult their deities if their 
wishes are unfulfilled. They even feel a contempt for them. " If Kutka," 
they say, " bad not been stupid, would he have made inaccessible moun- 
tains and too rapid rivers V 

The Lapps made images of their gods, putting each in a separate box, 
on which was written the name of the deity, so that eaeh might know 
its own box. ( ~ i M m? \c 
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The Kyoangtha, of CliittagoDg, are Baddhists. Their village temples 
contain a small stand of bells, and an image of Boodli, wbich tbe villa- 
gers generally w-orsliip morning and evening; "first," aa Captain Lewia 
states, "ringing tlie bells to let him know they are there." The Sinto 
temples of the Siin Goddess in Japan also contain a bell, intended, as 
Bishop Smith telts iis, "to aronse the goddess, and to awaken her atten- 
tion to the prayers of her worshippers." 

Oasalis states that when a Kaffir is on a marauding espedition, be 
gives utterance to those cries and hisses in which cattle-drivers indalge 
when they drive a herd before them, thinking in this manner to persuad*; 
the poor divinities of the country they are attacking, that he is bring- 
ing cattle to their worshippers, instead of coming to take it from them. 

Many other illustrations might be given, but these are sufficient to 
show how low and degraded is the savage conception of the Divine 
nature. Gnidually, however, as the human mind expands, it becomes 
capable of higher and higher realizations. 

I will now describe very short;ly the religions of some savage races, 
beginning with the lowest^ which may be called Animism. 

The religion of the Australian, if it can be so called, consists of a 
belief in the existence of ghosts, or spirits, or at any rate of evi] beings 
who are not mere men. This belief cannot be said to intiueiice them- by 
day, but it renders them very unwilling to quit their camp-fire by night, 
or to sleep'near a grave. They have no idea of creation, nor do they 
use prayers; they have no religious forms, ceremonies, or worship. 
They do not believe in a Supreme Deity, or in the immortality of the 
soul, nor is morality in any way coonecteil with their religion. 

An interesting account of the religions condition of the uortheni 
natives has been given by a Mrs. Thomson, a Scotchwoman, who was 
wrecked on that coast, and lived alone with the natives for nearly five 
years, when she was rescued by a English ship. The Australians aU 
over the continent have an idea that when the blacks die they tiirn into 
whites. Mrs. Thomson herself was taken for the ghost of a woman 
named Gioni, and when she was teased by the children, the men would 
olten say, *' Leave her alone, poor thing ; she is nothing, only a ghost.'' 

This, however, did noc prevent a man named Baroto making her his 
wife, which shows how little is really implied in the statement that the 
Australians believe in the existence of spirits. In reality they do no 
more than believe in the existence of men slightly diflerent from and 
somewhat more powerful than themselves. 

FETIOHISM. 

The Fetichism of the iJegro is a step in advance, because the in6aence 
of religion is much raised in importance. ^Nevertheless, from one point 
of view, Fetichism may be regarded as an anti-religion ; for the Negro 
believes that by means of the Fetich he can coerce and control the 
deity. 

Indeed, Fetichism is mere witchcraft. We know that all over the 
world would-be magicians think that if they can obtain a part of an 
enemy, or even a bit of his clothing, they thus obtain a control over 
him. 

Nay, even the knowledge of the name is 8npiH>8ed to confer a certain 
power. Hence the importance which savages attach to names. Thus, 
for instance, the true name of the beautiful Pocahontas, a celebrate*] 
Virginian cliieflainess, was Matokes ; but this name was carefully con- 
cealed from the English, lest it should give them a power over her. Foe 



THE LOWER BACES OF MAN. S57 

tlie same reason tbe Romans carefully concealed the name of the patron 
saint of their city. 

In other cases it was thoaght snfficient to make an image to represent 
the original. Thns, even in the 11th century, and in Europe, some 
uufortunat« Jews were accused of murdering n certain Bishop El)erhard, 
by making a wax figure to represent hiin, and then burning it, whereby 
the bishop died ; this indeed was a common form of witchcraft. 

Now, Feticliism seems a mere extension of this belief. The Negro 
S'.ipposcs that t)ie possession of a Fetich representing a deity makes 
tliat deity his slave. 

A Fetich, therefore, differs essentially At)m an idol. The one is 
intended to raise man to the contemplation of the deify ; the other to 
bring the deity within the control of man. Aladdin's huDp is a familiar 
instance of a Fetich ; and indeed, if witchcraft be not confused with 
religion, Fetichism can hardly be called a religion. 

T)ie low religious conceptions of the Negroes are well illustratetl in 
the general belief that the Fetich sees with its eyes as we do; and so 
literally is it the actual image which is supposcti to see, that, when the 
Negro is about to do anything of which he is ashamed, he hides his 
Fetich in his waistcloth, so that it may not be able to see what is going 
on. Fetichism, strictly speaking, has no temples, idols, priests, sacri- 
fices, or prayer. It involves no belief in creation, or in a future life, 
and, a fortiori, none in a state of future rewards and punishmeuts ; it is 
entirely independent of morality. 



The next stage in religions progress is that which may be called 
Totemism. The savage does not abandon his belief in Fetichism, from 
which indeed no race of man has yet entirely, t^ed itself, but be superin- 
duces on it a beUef in beings of a bigtier and more mysterious nature. In 
this stage everything is deified — stones, rivers, lakes, mouutains, the 
heavenly bodies, even animals and plants. 

Various theories have been suggested to account for the origin of the 
deification of such objects. 1 believe that it arose principally in this 
way: A chief lieing named after some tree or animal, say the Black 
Bear, or the Eagle, his family would naturally take the same name. 
They wonld then come to look on the animal after which they were 
named, first with interest, then with respect, and at length with a sort 
of awe. 

In Australia, we seem to find the Totem, or, as it is there called, the 
"Kobong," in the very process of deification. Sir George Grey tells us 
that each family takes some animal or plant as its sign or " Kobong." 
No native will intentionally kill or eat his "Kobong," which shows that 
there is a mysterious feeling connected with it; but we are not told that 
in Australia the Kobong is regarded a^ a deity. 

In America, on the other band, the redskins worship their Totem, 
from which they believe themselves to be actually descended. 

If we remember how low is the savago conception of a deity, we shall 
see that the larger and more powerful animals do, in fact, to a great 
extent, fulfill bis idea. 

This is especially the case with nocturnal animals, such as the liou 
and tiger. As the savage crouching by the side of his ciimp-flre at night 
listens to the cries and howls of the animals prowling round, or watches 
them stealing like shadows among the trees, what wonder if he weaves 
mysterions stories about them, and eventually fancies them something 
Jiore mysterious than mere mortal beings. 
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The worship of the serjwnt is very prevalent. Ita bite, so trifling in 
appearance, and yet so deadly, producing fatal effects rapidly, and ap- 
parently by DO adequate means, snggests to the savage idraost irreeiati- 
t)Iy the notion of something divine, according to his notions of dirinity. 

There were also some lower, but imwerful considerations, which tended 
greatly to the development of serpent-worship. The animal is long- 
lived, and easily kept in confinement; hence the same individual might 
be preserved for a long time, and easily exhibited at intervals to tie 
midtitude. In Gainea, where the sea and the seipent were the principal 
deities, the priests encouraged the worship of the latter expressly, as we 
are told, because ofleringa presented to the sea were washed away by 
the waves, which was not the case with those offered to the serpent. 

It is somewhat more difltcult to understand the deification of inani- 
mate objects. In fact, however, savages scarcely believe in the exist- 
ence of inanimate objects. Chapman mentions that the Bushmen in 
South Africa thought his big wagon was the mother of his small one. 
Hcanie telts us, that the Norih American Indians never hang np two 
nets together, for fear they should be jealous of one another, and that 
they prefer a hook which has caught a big fish to fllty which have not 
been tried. 

The South Sea Islanders not only believed that their animals had 
souls, but also that this was the case with inanimate objects. Hence, 
the savage broke the weaiwns and buried with the dead, so that their 
souls might accompany that of their master to the land of spirits. 
Hence, al^o, on one occasion the king of the Koussa Kaftlrs having bro- 
ken a piece of iron from a stranded anchor, died soon after, upon which 
the KafUrs immediately concluded that the anchor was alive and had 
killed their king. 

Some such accident probably gave rise to the ancient Mohawk notion, 
that some great misfortune would l>etall any one who spoke while cross- 
ing Saratoga Lake. A strong -minded English woman on one occasion 
purposely diil so; and, after landing, rallied her boatman on his saper- 
stition ; but I think he had the best of it after all, for he at once replies], 
that the Great Spirit was merciful, and knew that a white woman conld 
not hold her tongue. 

We find, indeed, the worship of lakes and rivers, or traces of it, all 
over the world. Even our own island is full of sacred wells and springs, 
and Scotland and Ireland especially abound with legends about water- 
spirits. I have myself seen a well in Bossbire luiug round with the 
ofi'eriiigs of the peosantrj-, consisting principally of rags and half-pence. 

The worship of upriglit stones is also very widely distributed. This 
form of worsiiip has been explained by M. Dniaure as arising from the 
resiiect paid to boundary stones. I do not doubt that, iti the case of 
some particular stones, it may ha^•e so arisen. The heathen deity, 
Heraies, or Termes, was evidently of this character, and hence we may 
explain the peculiar and apparently antagonistic tieculiarities attached 
to him. 

"Mercury or Hermes," says Lenipri^re, "was the messenger of the 
gods; he was the i)atron of travelers and shepherds; he conducteil the 
souls of the dead into the infernal regions, and not only presided over 
orators, merchants, and declaiiners, but was also the god of thieves, 
picki)ocket8, and all dishonest persons. He invented letters and the 
lyre, and was the originator of the arts and sciences." 

It is diflicult at first to see the connection between these various 
offices, characterized as they are by such opposite peculiarities. Yet 
they all follow from the custom of making boundaries by npright stones. 

C,oo;;lc 
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Ileuce tbename of Hermes or Tennes, a boundary or termiaas, while 
the name of the correspoDding Boman deity, Mercury, is coaoected with 
the word "marcli,'' or boundary, wheiice our title of marquis, meaning 
originally a person to whom was intrusted the duty of guarding the 
" march," or neutral territory, which in the troublous times of old it 
was customary to leave between the possessions of different nations. 

These inarches, not being cultivated, served as grazing grounds; to 
them came merchants to exchange on neutral ground the products of 
their respective conntries; here also, for the same reason, treaties wero 
negotiated; here also international games and sports were held. Up- 
right stones were used to indicate places of burial: and lastly, on them 
were inscribed laws and decrees, records of remarkable oveuts, and the 
praises of the deceased. 

Hence Mercury, represented by a plain upright stone, was the deity 
of travelers, because he was a landmark ; of shepherds, as presiding over 
pastures; he conducted the souls of the dead into the infernal regions, 
because even in the very early days upright stones were used as tomb- 
stones ; he was the god of merchants, because commerce was carried ou 
mainly at the frontiers ; and of thieves out of sarcasm. He was the 
messenger of the gods, because ambassadors met at the frontiers; and 
©f eloquence, for the same reason. He invented the lyre and prcside<l 
over games, because contests in music, &c., were held on neutral ground ; 
and he was said to have invented letters, because inscriptions were 
engraved on upright pillars. 

Stone-worship in its lower phases has, however, I think, a different 
origin, and is merely a form of that indiscriminate worship which' 
characterizes the human mind in one phase of development. 

Fire, again, is worsbipjwd all over the world. In ancient times it 
was far from being so easy to light a fire as it is now that we have lucifer 
matches and various other appliances for the purpose. In some parts 
of Tasmania and Anstralia the natives, if their fires went out, preferred 
to go long distances to get a fresh spark from another tribe rather tbwi 
attempt to light one for themselves. 

In somewhat more advanced communities, as, for instance, in some of 
the North American tribes, and in tbe familiar instance of Borne, certain 
individuals were told off to keep a fire continually burning. Thus would 
naturally arise the idea that this fire was something sacred and holy. 
The name of the classical goddess of fire, Vesta, or Hestia, means lit- 
erally a hearth. 

The worship of fire naturally reminds us of that of the heavenly bodies, 
and especially of the sun and moon. When onc« the idea of religion 
bad arisen, no one can wonder that they should be regarded as deities. To 
US indeed this worship seems to contain much that is grand ; and while 
many writers have refused to believe it possible that man could ever 
really have worshipped animals and plants, almostall have reganled that 
of the sun and moon as natural and appropriate. 

Yet the sun and moon do not appear to have suggested the idea of 
divinity to the savage mind by any other process than that already 
alluded to in the case of animals. Tbe lowest races have ne\cr raised 
their minds to tbe conteraplatiuii of the suu or moon as deities. This 
worship commences only in the stage above Fetichism, that is to say, as 
a form of Totemism ; but it reaches its greatest importance at a sub- 
sequent stage of religious development. Before quitting Totemism^ it 
may be well to observe that even objects most inappropriate, according 
to our ideas, have been deified by various races. 

Thus, in Central India, the Todas are said to worship a buffalo ball. 
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pouring out libations of milk, and offering prayers to it. The Eotas 
worshiptwoBilverplatesiWliichthey regard as husband and wife. They 
have no other deity. The Kinumban worship stones, trees, and ant-hills. 
The Toreas, another neighboring hill tribe, worship especially a gold 
nosering, which probably once belonged to one of their women. 

Many otlier inanimate objects have also been worshipped. Debrosses 
mentions an instance of a king of hearts being made into a deity. 

The South Sea Islanders, who represent a distinctly higher phase of 
civilization than the hill tribes of Hiudostan, or the red Indians of 
North America, present ns also with a higher form of religion. Their 
deities are conceived as more powerful. In many islands there are tradi- 
tions of a powerful being whoraised the land from below the waters, and in 
Tonga., until hitely, it is said tbat the very hook was sbown with which 
tliis was eftbcted; still the deities cannot be regarded as creators, 
because both earth and water existed before then. Neither was the 
religion of the South Sea Islanders connected with morality. Their 
deities were not supposed to reward the good or to punish the evil. lu 
the Tonga and other islands the common people were not supposed to 
have souls at all. In Tahiti the natives believed in a future life, auil 
even in the existence of separation between the spirits, some going to a 
nnich happier place than others. This, however, was not considered to 
depend on their conduct during life, hut on their rank — the chiefs going 
to the happier, the remainder of the people to the less desirable locality-. 

The Feejeeans believe that, as they die, such will be their condition 
after death. Moreover, the road to mbulu, or heaven, is long and diffi- 
cult; many sotUs perish by the way, and no diseased ot infinn person 
could possibly succeetl in overcoming all the dangers of the rcKMl. 
Hence, as soon as a man feels the approacli of old age, be notifies to his 
children that it is time for him to die. A family consultation is then 
held, a day appointed, and the grave dng. Mr. Hnitt gives a striking 
de8crii)tion of such a ceremony once witnessed by him. A young man 
came to him and invited bim to attend his mother's funeral, which was 
just going to take place. Mr. Hunt accepted the invitation and joined 
the procession, but was surprised to see no corpse. He asked where the 
motliPT was, when the young man {minted out his mother, who, in Rlr. 
Hunt's words, was walking along "as gay and lively as any of (hose 
present." When they arrived at the grave, she took an affectionate 
farewell of her children and ti-iends, and then cheerfully submitted to be 
strangled. 

So general, indeed, was this cnstom in the Feejee Islands, that in 
many villages there were literally no old people, all having been put to 
death; and if we are shocked at the error which led to such dreadful 
results, we may at least see something to admire in the firm faith with 
which they acted up to their religious belief. 

It will be observed that, up to this stage, religion is entirely deficient 
in certain characteristics with which it is generally regarded as iuti- 
nmtely u-ssociated. The deities are mortal; they are not creators; no 
imporiauce is attached to true prayers; virtue is not rewarded, nor vice 
punished; there are no temples or priests; and, lastly, there are no 
idols. 

Up to this stage, indeed, we find the same ideas and beliefs scattered 
throughout the whole world, among races in the same low stage of men- 
tal development. 

I<'rom this point, however, differences of circumstance, differences of 
government, differences of character, materially infiaence the forms of 
religious belief. Natives of cold climates regard the sun as beneficent, 
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tbose of the tropics consider him as evil; hantin;; races worship the 
moou, agriculturists tlie sun ; again, iii free commiiiiities tlioiight is free, 
and, couseqneiitly, progressive; despots, on the cootrary, by a Datiiral 
instinct, endeavor to strengthen themselves by the support of spiritual 
terrors, and hence favor a religion of sacrifices aud of priests rather 
than one of prayer and meditation. 

Lastly, the character of the race impresses itself on the religion. 
Poetry especially exercises an ioiniense influence, as, for instance, has 
been well shown by Max Muller and Cox to have been the case with the 
Greeks, the names of the (Jreek gods reappearing in the earlier Vedic 
poetry aa mere words denoting natural objects. Thus, Dyaua, in ancient 
Sanscrit, means simply tbe sky ; and the expression, the " sky thunders," 
meant originally no more than it does with us. The Greeks and 
Komans, however, iMirsonified Dyaus, or Zeus; thus, they came to 
regard him as a deity, the god of thunder, the lord of heaven, and thus 
built up a whole mythology ont of what were at fli-st mere poetical 
expressions. Time, however, does not permit me to enter on this inter- 
esting part of the subject. I trust, however, that what I have said shows 
that the opinions of savages, as i-egards religion, difl'er essentially from 
those prevalent among us. Their deities are scarcely more powerful 
than themselves ; they are evil, not good ; they are to be projiitiated by 
sacriJices, not by prayer; they are not creators; they are neither omnis- 
cient nor all-powerful ; they neither reward the good nor punish the 
evii; far from conferring immortality on man, they are not even, in all 
cases, immortal themselves. 

Where the material elements of civilization developed themselves with- 
oat any corresponding increase of knowledge, as, for instance, in Mexico 
and Peru, a more correct idea of Divine power, without any correspond- 
ing enlightenment as to the Divine nature, led to a religion of terror, 
which finally became a terrible scourge of humanity. 

Gradually, however, an increased acquaintance with the laws of nature 
enlarged the mind of man. He first supposed that the deity fashioned 
the earth, raising it out of the water, and preparing it as a dwelling- 
place for man; aud subsequently realized the idea that laud and water 
wei-e alike created by Divine power. After regarding spirits as alto- 
gether evil, he i-ose to a belief in gooil as well as in evii deities, and 
gradually subonliuating the latter to the former, worshipped the good 
spirits alone as go<ls, the evil sinking to the level of demons. 

From believing only in ghosts, be came gradually to the recognition 
of tbe soul ; at length uniting this belief with that in a beneQcent and 
just being, be connected morality with religion, a step the importance 
of which it is scarcely possible to over-estimate. 

Thus we see that as men rise in civilization their religion rises with 
them ; that far from being antiigonistic to religion, without science, troe 
religion is imiiossible. 

'Hie Australians dimly imagine a being, spiteful, malevolent, but weak, 
nnd dangerous only in the dark. 

The Negro's deity is more powerful, but not less hateful. Invisible, 
indeed, but subject to pain, mortal like himself, and liable to be made 
the slave of man by enchantment. 

The deities of the South Sea Islanders are some good, some evil ; but 
on tbe whole, more is to be feared from the latter tTian to be hoped from 
the former. They fashioned the land, but are not truly creators, for 
earth and water existed before them. They do not punish the evil, nor 
reward the good. They watch over the affairs of men; but if, on the 
one hand, witchcraft has uo power over them, neither, on tb&other.caa 
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prayer inflneiice them j they require U> share the crops or the booty of 
their worshipers. 

Thus, then, eveiy increase in science — that is, io positive and ascer- 
tuiued knowledge — briu);^ with it an elevation of religion. 

Nor i8 this progress confined to the lower ntces. Even within the l.-i»t 
century, science has pnriticd the religion of Western Europe by roothiff 
out the <lark belief in wilcLcratl, which letl to thousands of executions, 
aud hung like a black pall over the Ohristianity of the Middle Ages. 

Yet, in spite of these iniineuse services which science has confessedly 
rendered to the cause of religion, there are still many who look on it as 
hostile to religious trnth, forgetting that science is but exact knowledge, 
and that be who reganis it as incompatible with hh religion, practiuilly 
admits that bis religion is untenable. 

Others, again, maintain that altbongb science or religion cannot indeed 
be at variance, yet that the teaching of scientiiic men, or nitber of some 
scientific men, is iu open hostility with religion. 

^Vbat justification is there, however, for this idea T ISo scientific man, 
so far as I know, has ever been supposed to have taught anything which 
he did not himself believe. That surely was their right — nay, their duty ; 
their duty alike to themselves, to you, for tlieir devotion to truth is 
their best claim to your confidence — nay, to religion also, for nothing 
could be more fatal to religion than that it should be sup^iosed to require 
the suppression of trnth. 

Xo, the true S[)irit of faith looks on the progress of science, not with 
fear but with hoi>e, knowing that science can iufluence our religious con- 
cept ions for good only. 

Whether, then, as some sup|>ose, science is destined profoundly to 
modify our present religious views, or not — into which question I do 
not now wish to enter — no oue need on that account regard it with appre- 
hension or with distrust. 

Far irom it, we must be preparetl to accept any conclusions to which 
the evidence may lead ; not in the spirit of resignation or of despair, but 
in the sure and certain hoi>e that every discovery of science, even if it 
may conflict with our present opinions, aud with convictions we hold 
dear, will oi>en out to us more and more the majestic grandeur of the 
universe iu which we live, and thus enable us to form nobler aud there- 
fore truer conce])tions of religious truth. 

The time, then, has surely now come, when scientific men need no 
longer stand on the defensive, but may i;all on the state, which is now 
making a great efibrt to establish a national system of education, and 
has ever sliown itself ready to assist iu the prosecution of scientific 
research — may call ou the clergy, wbo exercise so great au influence — 
no longer to ignore iu our elementary aud other schools the great dis- 
coveries of the last thousand years, but to assist' us in making them 
more generally known to the i>eople of this country ; confident that a 
better acquaintance with the laws which regulate the beantiful world 
in which we live would not only diminish the evils from which we suf- 
fer, aud add greatly to the general happiness, but also tend to develop 
our moral nature — to elevate and purify the whole character of mau. 
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PRINCIPLES AND METHODS OF PAUEONTOIOGT. 



By Thomis Henry Huxlky. 



[Tliu following article wns pabliahsil, in 18G5, in " A Catalogue of the ColIectioD of 
FowilHin the Miigfum of Practiiral Geology," &.c. AlttioufEh eviileotly written, at least 
iu part, long before its piiblicntioo, it still remaioa one of the clearest anil moat coin- 

Eleto BumDiariua of the snbject yet publiaheil, and oa tlio ivaot of anch a auinniary hsa 
cen frequently expressed, it is here reproiluciMl. On oecouiiti however, of its length, 
cert'iln pnaaages of simple local intereat have been omitted. — II.] 

I. — PbeliminaET CONSroEEATIONS. 

The fonuatioD of tlie collection of fosBils in the Mnsenm of Practical 
Geology lias been a necessary result of tbe operations of the geological 
survey of Great Britain, wbose officers have been engaged for many 
years past in Ucterminiug the structure of tbe British islands; that is, iu 
ascertuiniug what is the nature »ud the order of superposition of tbe 
various irregidar masses or regular " strata,"' piled one upon another, 
vhich compose these lilce all other parts of the earth's crust. 

If rocks and stones were soft and easily cut, nothing would be easier 
than tbe solution of these questions. It would Itc merely necessary to 
make a sufficiently deep vertical cutting of tbe country in any re<]uii-ed 
direction, and the true order of the beds would be at once visible on 
the .walla of the section. But it is needless to say that iu pru<!tice cut- 
ting into rocks is a very difficult and a very expensive o]>er.ition, and 
that the making of such artiticiaL sections as thes(«, for geological ])ur- 
poses, is wholly out of the tjuestion. The geological sun'eyor is, there- 
fore, obligetl to trust very largely to the accidental occuireuce of natural 
sections, such as arc alI'or«le<l by the sea cliffs or tbe scuirpeil hills which 
way occur in his line of work, and to such artificial aiils as are iuciden- 
tally yielded by the sinking of shafts or the cutting of railroads. 

it becxtmes, consequently, of essimtial importance to him to possess a 
means of identifying tbe beds wbicb he finds in one section with those 
in another. Similarity or dissimihirityof minentlngical<wm|K>sitiou will 
not always help bim, as this qtiality not only varies in the same stratum, 
but is similar iu widely diftorent strata; so that beds of limestone in one 
place may correspond as reganls age and positiftii with sandy or clayey 
strata elsewhere. On the other hand, tbe continnity of a sti-ntum l»e- 
tween any two points e.taminetl would he clear and decisive as to its 
identity at tbe two points, but this evidence, for the reasons just state<l, 
is but rarely attainable ; and where, as so frequently happens, tlie strata 
have beeit disturbed from their origuial position, wiilely separated, 
or partially destroyed between the two imints, it becomes hopeless to 
seek for any such i)roof. Were there no other test of the nature of a 
stratum at any given point than its mineral character, and its continuity 
with some other stratum whose place in the series was known, we might 

* Stoatum.— A Hinf-le Inypr of the earth's crust, whatever iU composition, is techni- 
cal ly tennoil a Htratnm. For simplicity's sake, the. often lilKhly in'egular mosses of 
igneous rock which enter largely into the comiKiaition of the earth's crust, and wbioh 
might not technically be tennod "strata," may bo left out tif eausidcmtioa. 
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have a series of local topographies, but uo science of geology ; nor could 
thoac great laws ever liave been established by which the geologist, 
acquainted with the surface rock of a conntry, is enabled to predict with 
lunch GontldeQce what may, and what cannot, be found beneath it. 

These laws are in truth entirely baaed on the study of the "fossils" 
contained in the rocks; it is upuu this scieuce of fossils, or "palaeou- 
tology,"" that another aud most itn{K>rtai)t method of determining the 
nature and order of the strata tests. Universal experience has shown 
that ever>- series of strata contains assemblages of fossils which are 
peculiar to anrl characteristic of it; which are usually fouud in it, aud 
never found out of it ; and observation has further demonstrated that 
the strata tlius characterized are arranged in an order of sui>erpositioQ 
which is everywhere constant. It follows, therefore, that the fossils coo- - 
tained in a stratum of rock are capable of revealing to us, at once, the 
position of that stratum iu the whole scries, and of informiug us what 
lies above and what below it, 

A common example will illustrate the practical value of the informa- 
tion thus obtained. 

It is shown by experience that in these islands extensive beds of good 
workable coal are uever found below that particular series of strata 
termed, collectively, the " carboniferous forumtion." Nevertheless, fos- 
ailized \-egetable matters occur iu other strata, and have not unfre- 
queutly misled owners of estates into undertaking ruinously expensive 
and wholly fruitless luiuing operations, which would never ha^'e been 
commenced had they availed themselves of the information afforded by 
the fossils of the surface rocks. For it is clear that a preliuiiuary exami- 
nation of these fossils will show at once whether they belong to strata 
below the carboniferous rocks or above them. If the former be the case, 
then the sinking a shaft is absurd, as every blow of the pickaxe must 
take the miner, in reality, further away from the object of his search; 
if the latter, on the other hand, success is at any rate possible, though 
the exi>ediency of making the attempt will depend upon many contin- 
gencies. 

Now it is clear that, if the fossils contained in the rocks constituting 
the surfiu*e iu everj' district of Oreat Britain had been examined, it wouhl 
be itossible, by coloring a map of these islauds in such a manner that all 
those parts whose fossils indicated their inferiority to the carboniferous 
furmatiou should be blue, and all those which laynbove it should be red, 
to indicate at once to the miner where his search for coal might possibly 
be successful, and where it must necessarily fail. And, furthermore, if 
the fossils on which the coloring was based were placed iu a mnsenm 
for public inspection, it would be open to every one to examine for him- 
self the evidence on which the map stood, and to satisfy himself of the 
accuracy of this part of the work of the surveyors. 

What is here supposed to be done with reference to this one set of 
beds — the carboniferous formation — has, in effect, been performed by 
the labors of the geological surveyors of Great Britain for all the strata 
which enter into the composition of the British Islands. The place 
where eheli constitutes the surface rock is marked by au appropriate 
color on the maps of the survey. The fossils which have served as the 
standards of comparison in determining the imture of the stnita are 
oi>cn to general inspection iu the Museum of Practical Geology. In one 
seuse, therefore, the collection of fossils is simply the product of and 
key to the maps of the survey. 

* Paiakontomkiv,— Derived from three Greek words, signifying "nnciont" and 
'being" and "diacoursc." Tho science of ancient beinga. i'~~ I 
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Important aa it is, however, to tbe welfare and pro8i>erity of tbe 
eonutry that an accurate record should exist of the composition of ita 
share of the earth's crust, whence the miuer, the metaUur(;ist, and the 
mineralogist extract so many products of the utmost value to man, and, 
indeed, indispensable to the maintenance of his present complex state 
of civilization to suppose that this immediate and so-called " practioU" 
object of the collection is the only, or even the most important, end 
that it subserves, would be as great an error as that of the . barbarous 
Oriental, who sees nothing hut a convenient stone qaarry in those mas- 
sive pyramids, on whose walls the instructed Eastern traveler reads the 
history of an ancient world, and leanis the more, tbe more knowledge 
and capacity be brings to the inquiry. In truth, the history, not merely 
of one but of a series of ancient worlds, is written npou tbe rocks vbicb 
comgrnse tbe solid coating of the globe in signs the meaning of whicli is 
decipherable with far more ease and certainty than that of hieroglyphic 
or cuneiform inscriptions ; or we might say tlint, as it is the custom lu 
theee times to deposit the coins and medals of the age under the founda- 
tion stones of a building, so the Great Artificer lias, as be laid each 
coni-sc of stone in the world's foundations, deposited coins and medalct of 
His striking, tbe remains of the then existing system of organic life, 
the bones and shells of the contemiwrancous living beings. 

But a history in an unknown tongue can be profitable only to those 
who will take the trouble to acquire a knowledge of the coustrnction of 
the language, and of the signification of its words and signs. Now, 
natural history, or the science of the structure and habits of living 
beings, is the grammar and dictionary of the language of fossils. To 
understand all that fossils teach, natural history must have been the 
study of a life^ but a clear comprehension and careful recollection of a 
few of its simpler principles will be sufficient to enable a jiersoD of in- 
telligence, uuvertied in science, to apprehend the wider bearings of the 
collection. To afford this assistance is the sole object of the pres- 
ent explanatoi? preface, it is intended to awaken even a casual visitor 
to a sense of the profoundly interesting problems which the collection 
forces upon our consideration j to enable him to comprehend how it is 
that the naturalist reads tiere, as plainly as if it were stated in to-day's 
inaper, and witb considerably more faith than he would place in any 
mere human aflSrmation, that the earth has undergone a great series of 
changes, stretching over enormous i>criod8 of time; that its living popu- 
lation has not always been what it is now, but that the present kinds of 
auimais and plants have been preceded by others widely difi'ering fivim 
them, and these by others, and so on, for an indefluite series of altera- 
tions; that these changes have been accompanied by constant altera- 
tions in climate and in the level of the land and sea; finally, that the 
])eriod of time of which these records furnish the history is inconceiva- 
bly immense. 

These are weighty articles of belief, and notliing can seem, at first, to 
be less likely.tban that the accumulation of oddly marked and 8liai)e<l 
stones, which are visible on the shelves aronnd, should contain abuud- 
aot evidence of their vsdidity and truth ; but so it is. How it* is, will 
be rendered clear by what follows. 

II. — Brief exposition op those principles of natural history 

WHICH AHB OP THE MOST IMPORTANCE TO THE UNDEBSTAMDINO 
OF FOSSILS. 

It has been stated that natural history is the key to palaeontology, and 
hence, before attempting to learn the meaning of fossils, it is necessary 
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to be a(M)Tiaint«(l with those principles of bioloEPcal science irliich bear 
most directly upou the Bubjevt: 

1. The most important of all the generalizations of natural history, 
and, indeed, one of the most brilliant additions which the progress of 
modern science has made to human knotrledge, is the law that all ani- 
mals and plants are associated and arranged according to certain flxed 
laws. 

Thus, to select an example from the animal kingdom : There is an 
immense variety of hoofed ruminating animals, antelopes, sheep, osen, 
deer, giraffes, camels; but notwithstanding the extreme difference in 
the as[>ect of these well-known creatures, the anatomist discovers that 
they exhibit a great number of common characters. Thus — 

a. All possess a backbone, or vertebral column, separating the great 
centers of the nervous system from those of the alimentary and circu- 
latory apparatus, and the latter is situated on the ventral, front, or 
downward face of the body ; none have more than two pairs of limbs; 
the chief central nervous system is not pierced by the alimentary cauaL 

b. All have a heart with four cavities ; possess lungs and a midriff or 
diaphragm ; and have two facets on the hiuder part of the skull, for ar- 
ticulation with the foremost bone of the spinal column. In nil, each 
half of the lower jaw is in a single piece, and is articulated directly 
Avith the skull by a convex head ; they all jiossess mammary glands for 
snckling their young. 

c. The teeth are in all more or less deficient in the front part of the 
upi>er jaw ; they all possess complex stomachs, and not more than two 
completely developed long bones in the middle region of the fore and 
bind feet. 

It would be easy to make a drawing embodying all these peculiari- 
ties, and that drawing would stand in precisely the same relation to the 
group of "ruminants" (technically called " Aunitnantta") as the ground 
plan of a single house does to the street which the architect means to 
build of houses of that size and general form. The superstructure of 
each house may, if the architect pleases, be totally different in style, 
without in any way interfering with his general plan; and similarly, in 
each particular ruminant, the common plan is preserved, while the de- 
tails of the '* elevation," the size, the figure, tlic proportions, the orna- 
mentation ill the way of color and horns, vary to an immense extent. 

Having thus acquired a notion of the "common plan" of the rumi- 
nantia, it will be found, on turning to other equivalent groups or "onlers" 
of the Mammalia, (or animals which suckle their young,) that a corre- 
sponding common plan may be found for each; and when ail these 
common plans are wimpared together, it will he discovered that there are 
certain I'espects in which they agree. All maniuialia, in bu;t>, pu.Hs<.>ss the 
anatomiciil characters enumeratc<l under the pi-ecediug heads a ami b. 
Hence, a drawing exhibiting these features would servo as a "common 
plan" of the mammalia, and the common plansof the onlers of mammals, 
ruminantia," camivora, &c., might be regarded as mtMlitications of the 
plan of all mammals in the same sense as e^ch ruroiuant is a modifica- 
tion of the common plan of all ruminants, lint now, if we were to cKtend 
oar researches further, and compai-e mammals with birds, i-eptiles, am- 
phibia, and fishes, we should discover a still more renmrknble t^ct, viz : 
that alt these creatures, and only these of all living things, possess the 
character enumerated under the first heitd. Hence, a drawing or dia- 
gram embodying these charsicters would represent the common plan of 
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these nuimats, which are collectively termed the Vertebrata i and it would 
8taiu] iu the same relatiou to the common plans of birds, toammala, rep- 
tiles, amphibia, and fishes, aa the ruminant plan did to oscu, sheep, and 
antelopes. 

By carrying investij^ations of this kind into the rest of the animal 
kingdom it has been shown that every animal whatsoever is a modifica- 
tion of one or otiierof five great common plans — the plan of the Vcriebrata, 
that of the Annulosa, that of the Calenterata, and that of the Protozoa. 
This division of the animal kingdom is not generally adojited in this 
country; that most prevalent recognizes the branches Vurtebrata, Ar- 
tiettlata, Molucca, Ratliata, and Protozoa. 

It is most important, however, not to form a wrong idea as to the real 
iui|Kirt of these "common plans." We must regard tliem simply as de- 
vices by which we render more clear and intelligible to our own minds 
the great truth that the paits of living bodies are associated together 
according to certain <lefinite laws. Why it is that an aidmal which 
suckles its young should invariably imssess adouble articular sitrfikce at 
the back of its skull, should liave tho articular surface of its lower jaw 
convex or flat and not concave, and should always be provided with 
hairs and never with feathers, we know as little as why the earth turns 
from west to east, and not i^'om east to west; but if the morphological 
law which expresses this invariable coexistence, or correlation, of organic 
peculiarities has been as regularly verified by our experience as the as- 
tronomical law, we may, for all practical purposes, reckon as securely 
upon the constancy of one relation as upon that of the other- 
It is, indeed, remarkable to how great an extent we may depend npon 
these laws, and how seemingly nnimitortant, and iu the present state of 
physiology inexplicable, many of the most constant correlations of ani- 
mal parts are. Thus the profoundest of "teleologists"* will, probably, 
besitate to attempt to accouut, by any physiological reasoning, for the 
above-stated invariable occurrence of tme hairs in those animals only 
which snckle their young and have two occipital condyles; but, never- 
theless, if a single hair be placed before a naturalist he will be able, in 
many cases, not only at once to decide that the animal to which it belongs 
possesses a backbone, has four limbs, suckles its young, lias a heart with 
four distinct cavities, possesses lungs; but he may beable to go into minnte 
details as to the stmcture of its brain, and the arrangement and number of 
its teeth. How does he know these things ? Simply because experience 
tejiches him that the structureof the hair in question is fonnd as a constitu- 
ent i>art of only one particular plan of organization, and, therefore, maybe 
depended npon as an indication of all the oth^r ]>eculiarities of that plan, 
Jnst as when a particnlnr characteristic fossil is found we may predi- 
cate what other tbssils will be found in the same bed, without having 
the least idea of the why and the wherefore of the nssociiatioii ; so the 
apparently trivial and unimimrtant hair indicates, we know not why, all 
the other structural iMHruliarities which expeiience shows to be associated 
with it. We shall find the application of these truths by and by in con- 
sidering the methods by which fossils are determined. 

ImporUmt consequences flow from tho fact that tbe forms of living 
beings are modeled upon common plans, aud from the kind of relation 
which exists between any actual form and its plan. Thus the vertebrate 
plan, as has been seen, undergoes five modifications, each of which vxm- 
stitutes the common plan of a large assemblage of animals — of mammals, 

• TKLROi-ooY.^Tlie doctrine of fiacil oanaes, " Tuleolofiiiit," oiiu who sM-kn for tho AdiiI 
enusea of plionomona. 
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of birds, of reptiles, of amphibians, and of ftsbes: and if we select any 
of these subonlinate plans we fiud it again modifaed so as to conatitate 
the jdaus of the minor subdivisious of these great assemblages. The 
reptilian plan is moditied in one way to form the plan of the turtle tribe, 
in another to constitute that of the crocodiles, in another that of the 
lizards, of the snakes, and so forth. And, in like manner, the common 

Klan of any great division of the animal kingdom is seen, in nature, to 
e modilieJ into a scries of more and more altered and specialized plans, 
each of which is common to the members of a progressively smaller sab- 
division of the group, until at length we arrive at the smallest assem- 
blage of beings which can be said to possess a particular common plan ; 
or, in other words, which exhibits characters common to all its constitn- 
ents, and not possessed by those of any other group. 

It is by reason of these singular relations among the forms of li\'ing 
lyings that what is termed a " natural classification " is iwssible. lu the 
ordinary busiuess of life, whenever it is necessary to recollect and have 
at command a multiplicity of objects, we "classify" those objects; we 
arrange them in groups or packets distinguished by particular marks 
and haring a particular order. Thus it is that the merchant arranges 
bis wares, the librarian his books, the lawyer his papers; and the 
natnralisti in like manner, would find it utterly impossible to grapple 
with the details of the two or three hundred thousand distinct forms of 
living beings, which are the object of his study, unless he could in some 
way classify and arrange tbem. 

Xow the aim of classification may vary. Many persons imagine that 
natural history is the knowledge of the names which have been affixed 
to animals and plants by men of science; and the wish of such persons 
is to have a classification so contrivetl as to enable tbem, with the least 
possible trouble, to ascertain what name has been affixed to an object, 
or, better still, to determine that no name has been given to it, when 
they have the satisfaction of baptizing it themselves. These "natural- 
ists,** necessarily, desire in a classification ouly a good index and diction- 
ary of the names of nuimals and plants, and it matters not by what marks 
they designate their groups so long as those marks are easily discovera- 
ble and readily remembered. Thus, plants might be divided according 
to the number of stamens in the fiower, while animals might be classed 
according to the number of their teeth, the shape and number of their 
legs, &c. ; and arrangements of this kind, if skillfully made, might have 
no small value and use iu helping us to discover what animals and plants 
are, and what are not known, but it is clear they would be purely arbi- 
trary; there would be no necessary relation between the members of the 
vtirious groups beyond the single point in which they agree ; in other 
words, the classification would be "artificial" and not "natnnil." 

But the low conception of the objects of the science of natural history, 
from which such artificial classifications fiowcd, bas given place to other 
and higher views, and with it all artificial systems have become exploded, 
or relegated to their proiier place as mere aids to the memory. The nat- 
nraliat of the present day, in fact, stands to him of the past in the relation 
ofaNiebuhr,aHallam,oraGuizot,tothegossipiugcompilerofacAroni9He 
scandaleim; or, at best, to a Froissart or a Burnett Without despising 
the imi»ortJince of a knowledge of the names and habits of li\iiig beings, 
be sees beyond this, and overruling it^ a higher and a nobler aim — the 
investigation of the laws of life, of the principles discoverable amid the 
multiform structures of lining beings, and of the relations in which they 
stand to one another and to the surrounding universe. 
For such objects an artificial classification is useless, if not obstmctive. 
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The laws of life can only bo obtained by observation of the facts of life 
and generalizatiou from those facts, and tlie pbilosopliical iiaturulist 
seeks tliat classification which shall best enable him to remember facts 
and generalizations already won, and shall most efficiently assist him to 
obtain others. 

As Cuvier has well expressed it, modern classification endeavors to 
throw the facts of the structnre of living beings into the fewest possible 
genenil propositions. Each living being, therefore, has been compared 
with all others, aud those from which it is not separated by any constant 
difl'erencc are grouped together as one "species." The different species 
have next been compared, and those which agree in some one or more 
characters, while tUey differ from all' others in these characters, are 
arranged into a larger gronp, called a "genus." By a like procedure, 
genera have been grouped into "families;" these into "orders," orders 
into "classes," and classes into "subkingdoms," which last are the pri- 
mary subdivisions of the animal aud vegetable " kingdoms" resiwctively. 

The resemblances aud differences upon which the groups arc founded, 
being based on a comparison of the whole orgauizution of living beings, 
are thorough and fundamental^ and, as it were, indicated by nature her- 
self. Hence this mode of classification has been termed "natural," in 
contradistinction to those previously referred to, tho divisions of which 
are founded on insulated and sui)ei'ticial relations. 

But it is obvious that if animals and plants were not constructed upon 
common plans, it would be impossible to throw them into gi'oups 
expressive of their greater or less degree of resemblance, such as those 
of the natural classification. In fact, the doctrine of "common plan" 
and of "natur.tl classification" are but two ways of expressing the great 
tnith, that the more closely we examine into the inner uatui'o of living 
beings, the moi'e clearly do wo discern that there is a sort of family 
resemblance among them all, closer between some, more distant between, 
others, but still pervading the whole aeries. 

There is yet another way in which this doctrine has been expressed. 
In every group there is some average form, some form which occiupies a 
sort of central place, around which tho rest seem to arrange themselves; 
and this form may therefore be taken as the representative of the group,, 
as the nearest actual embodiment of the common plan. Such a form is 
commonly called the type of the group ; and in this sense an antelojie 
might bo termed the type of the EumiiiaHtia; a dog of the Carnivora. 
It is in this sense that the word "type" will be used in these pages; but 
it is proper to remark that the term is not uncommonly applied to the 
most characteristic and marked form of a group. In this sense a cat 
rather than a dog would, perhaps, be selected as a tj-pical carnivore. 

The phrase "family resemblance" has been used above, and it, perhaps, 
espres.ses better than any other the sort of likeness which exists aumng 
the members of a natural group; specific and generic alliance having the 
same sort of relation as brotherhood and cousinhood. But it is import- 
ant to remember that the classification of animals and plants stands on 
its own basis, an<l is entirely independent of physiological considera- 
tions. For the purposes of the classifier it is wholly immateiial whether, 
as some maintain, "species" are immutable and have taken their origin 
independently of one another, directly from the hand of the ^Creator; 
or whether, as others think, they are indefinitely modifiable, and have 
all resulted from the changes induced by external influences npou some 
common stock. If all forms of living beings were fossil, and we knew 
nothing ahoutlife, the natural classification of animals and plants would 
be exactly what it is now ; except as it might be affected by the resulting 
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deficiencies in our knowledge. At the same time, the ituqniiy into the 
permnnence or modifiability of species is, in itself, of the highest import- 
ance antl interest; and it will be necessary to advert to the bearings d 
the little definite evidence we at present possess a|>ou the subject io 
Home of the following i>ages. 

t (Here follows io tlie original, on pages six — xxix, a review of tbe 
'Knb kingdoms and classes of animals: but as there are several disputed 
jioints, and as the authorbimself has since modified hisviews,they arenot 
reproduced.) 

Tlie Protozoa, as a whole, are evidently simpler in stracture and leea 
variously endowed than tbe Ctshlenterata ; the CaMcnterata than tbe 
MoUusca or Annviosa ; and none of the last approach either birds oi 
mammals in complexity. 

Again, a lamprey is a simpler animal than a horse, a worm than a bee. 

These indubitable facts are commonly expressed by the phrase that 
tbe simpler animals are lower and less g>erfect than tbe higher, and thi^ 
indee«l, in one sense, tliey truly are. But we should greatly err in sup- 
posing that leas perfection im\i\ic& vaperfeetion; or iu imagining that the 
less |>erl'ect animal is in any way unfitt^ for the conditions under which 
it lives. Were it so, its race would necessarily sooner or later cense to 
exist. If we look closely into the matter, it will be found that by "less 
jieiiect" and " low iu the scale of life," one of two things is meant, either 
firstly, that tbe ci'eature of which tbe assertion is made is a less compli- 
cated apparatus; or secondly, that the parts of wbicb it is comiK)sed 
-differ from one another conii)nratively little iu form and structnre. 

It is worth while to consider each of these cases more fully. Every 
animal {indeed it might be said every living thing) has in the gross the 
same kind of work to do : it lias to take iu tbe food necessary for its 
support; it has to change thisinto other itroducts and to mold them into 
its own peculiar form. Lastly, it has to exhibit that kind of reaction 
upon external impressions which is known as " irritability." Absorption, 
metamoi7>ho8is, and irritability, these are the three great " functions'" 
of all animals. 

Sow the difiference between one animal aud anotherj as to the mode 
in which tlie functions are performed, is very similar to the difference 
wliich exists between one human society aud another, as to the mode in 
which the afiairs of life are carried out. All human wants may be 
summed up iu two words : sustenance aud freedom ; but the mode ui 
wiiieli jnen secure the satisfection of their wants varies with the iwrfec 
tion of their social state. In savage life every man procures his own 
food, and relies for his security from constraint u|>on the strength of his 
own arm. But this state of tbingsis manifestly incompatiWe with any 
gi«at advance, either in those arts which minister to the physical, or iu 
those which satisfy the moral nature. If a man has to find bis food 
every day he will not speaA much time in cooking it ; and if be is liable 
to be attacked by an enemy at all hours, be is pretty sure never to at- 
tain to much eminence as a painter or a violinist. By the necx'ssity of 
the case, tlien, where every man has to do everything for himself, noth- 
ing will l>e done very well; no man will be much better than another, 
jind none will be very far above the level of mere animal existence. 

Contrast this state of things with that wbicb obtains among tbe 
active members of a highly civilized society, such as otu' own. Each 
devotes himself to one occupation, striving to carry out tliat in the best 
iwssibic manner; and trusting to others who devote themselves to other 
specialities for the satisfaction of all the rest of bis wants. There is a 
"divisiou of labor;" the wants of mankind are split up, as it were, into 
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a hundred sabdivisionB, and every man charges himself with the satiH- 
faction of one of these gubdi visions, hoping that, in exchange, his own 
ninety-nine wants will be satisfied by others. So that, in one sense, a 
hundred civilized men may be said to be the equivalent of but one sav- 
age; while, if, on the other hand, we regard the natnre of the products 
of ci\'ilization, and balance the sum of the work done on each side, the 
advantage on the side of civilization is infinite. 

It is precisely this division of the physiological* labor, the organism, 
*hich constitutes the first of the two gre^t kinds of difl^'erence Ix^tweeii 
animals. Some Protozoa have no definite aperture for the taking in of 
food, no muscles, and no limbs. Every, part of the l>ody-wall may serve 
in turn as mouth or locomotive organ. In others there is a month, bnt 
no definite alimentary canal, and the contractile locomotive apparatus 
is limited to one part of the body. In the Cceleaterata the mouth and 
digestive cavity are i>ermancntly approi)riate(f totliat office, though not 
separate from the rest of the cavity of the body. The motor organs are 
still more definite and serve as organs of prehension and offense. In 
the Mollmca the digestive cavity is permanent and completely sepanited 
ftom the walls of the body. A blood system is developed to carry the 
nntritive matter to all parts of the bmly. Another [lortion of the organ- 
ism is converted into muscle, and can do little bnt contract ; another 
has nothing to do but to form shell ; another, the nerx'ons system and 
organs of sense, is charged with the sole duty of putting the different 
parts of the or^nism in relation with one another, and with the esternnl 
world. Thus, in the mollusk, each part of the organism is charged with 
a special function, and, to the same extent, has become dci)endent on 
others. The stomach that digests deiiends on the blootl tbr its own 
nourishment. The muscle that enables the animal to seize its prey 
would perish without the aid of the stomach and the blood, aud would 
be iueft^ctual without the nervous system Tfhivh guides it. The mollusk 
does no more in the long nui than the Ameeba ; it absorbs food, it modi- 
fies it, and it exhibits irritabilit}', but the manner in which it does all 
these things is infinitely sniterior, ami enables it to display powers of 
which the Amaba exhibits no trace. 

It is needless to pursue the argument further, or it would be easy to 
show that the difference between man and the uiolUisk, as physiologicifl 
machines, itj of the same kind as that between the mollusk and the pro- 
tozoon ; in short, ph^stoloffical perfection is in proiwrtion to the division 
of the labor of the whole organism among organs specially adapted to 
particular offices. 

The other sense in which perfection is attributed to living beings is 
morphological, t The Mollasca, as a whole, are more perfect than the 
Ca^entemfa, becanse they exhibit a greater number of si>ecialtzed and 
diversiform parts and organs, quite irres£»ective of the functions t>f 
those parts and organs ; and the vertebrata, in their fundamental char- 
acter, the possession of a true primordial internal skeleton, exhibit a 
greater complexity of structure than any inollusk, or any nnnulose 
animal. 

It of course usually happens that physiological ami morphological 
complexity go hand in hand, but it should be remeinbere<l that the con- 
junctioD is not a necessary one. The lowest vertebrate animal, for in- 
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staiicp, is in some mori'lioiogicrtl respects more complex than the highest 
motliisif, but physiologically it is less so. 

Onn other eomraonly-used phrase, expressive of the relation between 
different kinds of living beings, requires explanation, as its employment 
in an erroneous sense has led to grave errors. There is a current im- 
pression that the lower animals correspond with the embryonic condi- 
tions of the higher; that, in the course of tlieir developnientj tbo lower 
animal advances up to a certain imint and then stops, while the higher 
goes on, 

Tins notion, however, is entirely incorrect ; there is no known adnlt 
animal which would be reganledby any naturalist as ofthe same species 
with any early condition of another animal, if the two were submitted 
to him for comparison. In no stage of their existence would a compe- 
tent naturalist regant embryonic reptiles, or mammals, as tishes ; in no 
staf^e would lie take an insect for a worm, or a cuttlefish for any lower 
mollusk. The whole of this idea, the truth of which has been assumed 
so often in geological s^ieculations, rests npon a misunderstanding of an 
undoubted fact, namely, that there is a time in the development of each 
when all members of a sub-kingdom resemble one another very closely, 
and that they remain alike for a longer or shorter period according to 
tlio closeness or remoteness of their affinity, Tims there is a time when 
the embrj'o of a fish could be hardly distinguished from that of a rep- 
tile, a bird, or a mammal. But the embryo lish sooner becomes unlike 
a mammal than the embrj'o reptile or bird ; and the embryo quadru- 
pedal mammal remaUis longer like a human embryo than does that of a 
fish or reptile. 

Thns all animals in tlieir youngest condition have, for a longer or 
shorter time, a similar form, from which each diverges to take its spe- 
cial configuration ; if one may so say, they travel along the same road for 
a shorter or longer distance, and then each goes aside to its own place. 
But this is a very different matter from any one form heiug an arrest 
of development of another. Of two men traveling together along the 
great North road, one may be going to Newcastle and the other to 
York. But it would be a very insnfiicient and erroneous descrijition of 
the journey of the one to say that is was merely that of the other cut 
short. 

3. The next grent principle of natural history of which some definite 
notion must be obtained, is the doctrine of what is called the "distribu- 
tion^' of living beings. It is a matter of familiar experience that ele- 
phants, lions, and rhinocei'oses are not at present indigenous in Great 
Britain; and humming birds, crocodiles, and fiying flsb are as strange 
to US as are the white bear, the ermine, and the musk ox. Nevertheless, 
the latter animals are found abundantly in more northern latitudes, 
while the former swarm within the tropics. Were any one to visit the 
countries in which the white bear and the crocodile resiMictivcly abound, 
he would discover that there was a certain northern limit beyond which 
the crocodile was never seen ; and, on the other baud, that the white 
l>ear never ranges south of a given latitude. In other woixls, the white 
boar and the crocodile are found within, or are distributed over, certain 
limited spaces of the earth's surface, and lines drawn on a globe so as to 
inclose these spaces, would indicate tlie "geographical distribution^ of 
tbes(^ animals. 

There are hardly any species of animals and plants which are not in 
like maimer confined within llmitexl geographical areas, and hence if we 
were to set out from Englaud, and travel either due south or due north, 
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we should find tliat a gradual clianj^e would take place in the fauna* 
and flora of the conutries traverst>d, tUcir hihabitanCs diftcriiig moru and 
more widely from those of tliia couutry, the more uearly they approxima- 
ted either the pole or the equator. Nor iH this result other than iniglit 
be naturally expected, for wo know how closely det>endeut the health and 
strt^ngtli of nQiinaU aud plants are upon the amount of heat, light, aud 
moisture to which they are exposed ; and iu travehug dae north or duo 
south, these cliniatal couditions necessarUy become very greatly altered. 
A corresponding change iu the flora and fauna is observed when, in a 
mouutiuuous couutry, we ascend from the plains to the line of peqiet- 
aal snow; and the animal and vegetable inhabitants of the sea in like 
manner vary in character and abundance at ditterent depths. But these 
cases also seem readily intelligible, for elevation has much the same 
eflfect ou climate as northing; and every fathom of increased depth in 
the sea corresjwnds with a certain diminution iu the amount of light 
and a certain alteration in temperature. 

Again there seems to lie no difficnlty in imderstanding why, as we 
find to be the cage, terrestrial animals and plants difl'er from those whose 
existence is s^ient iu the water; nor why, among purely aquatic crea- 
tures, the inhabitants of fresh water are usually widely ditterent from 
those of the sea. The discrepancy in form seems quite in harmony with 
the discrepancy in external circumstances. 

But there arc some other fnct» connected with distribution, the cause 
of which is by no means so obvious. If the traveler, instead of moving 
to the north or to thesouth of this couutry, journeyed east or weM,keei»- 
ing as nearly as possible within similar climatal conditions, he would, 
nevertheless, still find that the successive faunas and floras through 
which he passed were widely diflerent ; and if a voyager were to cir- 
cumnavigate the glol>e between the parallels of 40° and (HP S., touch- 
ing at ports in ttie continents of Africa, Australia, and America, the 
differences betwecu the indigenous animals of each country would be 
immense, aud altogether out of proportion to the changes iu climatal 
conditious. 

The globe, then, may be marked out by boundary lines, some of which 
run northerly' and southerly, and others easterly and westerly, into a 
numl>er of districts or " provinces," each of which is characterized by a 
peculiar assemblage of animals and plants. And again, each district 
might be subdivided by lines parallel with the horizon, into zones of 
depth and of height, in each of which a certain group of this assem- 
blage would flourish. It must be remembered, however, that neither 
zones nor provinces are capable of a strict limitation, there being always 
a border-land between eveiy two, in which the inhabitants of both are 
mixed. 

The phenomeua of distribution in depth are particularly worthy of 
attention, from their bearing ou geology; for it is obvious that if we 
are enable«l to lay down certain rules with regard to the depth at which 
particular forms live, we shall be able, when we find these forms iu an 
ancient sea-bed, to form a judgment as to the depth of that sei^bed, and 
beuce, iu many cases, to gsither valuable indications as to the proximity 
or distance of dry land. Every one who has walked along the sea shore 
is familiar with certain forms of life— barnacles, limpets, jieriwinkles, 

■The term "Fauna" isRpplicd to tlio whole of tbo animal iuhabitanla, " Flora" to tiie 
..... ...^i.- _._..._ _.?_ .i^_._!_. ^j. country, Thti», tUo taana of Africa iiieanit all tliu 
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(logwhelks, shore crabs, which cover the rocka between liigh and low 
wiitor marks. Diiriuf^cnlni weather he might imagiue that theae couBti- 
tiit«^d the chief inhabitants of the sea ; bat should a heavy gale of wind 
Kct in landwards, he is soon undeceived, for the waves, tearing up the 
sea liottom at depths ^"eater than those which are ordinarily exposed 
by the recession of the tide, cast on shore vast numbers of uew crea- 
tures, such as whelks, sandstars, coiallines, and great masses of sea- 
weed, with whole colonies of animals attached to them, which habitually 
remain in the deeper regions. 

Not satisfied with such accidental revelations, modern investigators 
have systematized and extended the explorations of marine-depths by 
means of the use of the "dredge,^ a simple apparatus, long used by 
oyster fishermen to procure their merchandise, and, of course, equally 
applicable to the dragging up of other inhabitants of the floor of the 
ttea. 

It results from a long series of such observations that at least five 
Kones, each characterized by i>eculiar forms of animal or vegetable life, 
may be distinguished at difierent depths. Thej' are, 1st, the "littoral" 
Koue, corresponding with the interval between high and low watermarks; 
t-'d, the "circnmlittoral" zone, extending from low water mark to the 
lowest limit at which the coral-like plant Nullipora is found, a depth, in 
our latitudes, of between fifteen and twenty faUioms: 3d, the "median" 
zone, characterized by the abundance of I'olyzoa and ScrtvJarida which 
it exhibits, and by the predominance of carnivorous forms among its 
MoUnsea; it extends in our seas to about fifty fathoms; 4th, the " infira- 
mcdian," and, 5tli, the " abyssal" zones lie beyond this, but can be hardly 
said at present to be well defined. It is in them that onr corals and 
. Brackiopoda ftonrisb. Much attention has of late been paid to the 
investigation of the deep sea animals and plants, and numeroua species 
have been found at very great depths. As might have been expected, 
tmm the greater uniformity of physical conditions at such depths, the 
Slime species have been found at very distant localities, and exhibit a 
wide geographical range in latitude as well as longitude. Another 
l>ecnlinrity more marked even than could have been anticipated is the 
affinity and even identity of many species with tertiary and cretaceous 
foi-ms. 

The extreme limits of vegetable and of animal life are not known. The 
higher AJgw, such as sea weetls and NulUpora, are, in our own latitudes, 
not found below twenty fathoms; but it is not improbable that the 
DUftomaceai Sourish at the furthest limits of hfe. 

Both the number of species and the number of individuals of animals 
diminish at gi-eater depths. A greater profundity than two hundred 
fathoms is not to Uo reached within a very considerable distance of any 
part of the British coasts; but in botli northern and southern seas living 
animals have been dmwn up from more than three hundred fathoms (or 
1,80« feet) below the surface. It is important to remark that the inhab- 
itants of these anil still greater depths, however diminished in number, 
do not appear to become degraded in organization, hut consist of Grtu- 
tacea, Echinodermata, Oasteropoda, Lameilibranchiata, Polyzoa, and Acti- 
nozoa^ of tyi)es <]uitc as elevated as those which are found in more shallow 
waters, but they ore trequently less brilliantly colored than the latter. 
M'hile the laws of distribution, as they have been at present determined, 
therefore, do not enable us to say precisely at what depth living animals 
can no longer exist, nor even to trace the influence of depth in modify- 
ing their fonns, they seem, nevertheless, to point to certain assemblages 
as ebaracteristic of certain ranges of depth. For insti^nce, limpets and 
periwinkles appear to be absolutely characteristic of shallow water, being 
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fouQd but a verj' abort way beyond tide marks. The lower limit of the 
pinut NuUipora, on tlie otber baud, seems to mark in all seas the line of 
deman:atioii between moderate deptbs (under one hundred fathoms) and 
great depths. 

We mu.tt remember, however, in attempting to apply these generali- 
zations, that as yet distribution in depth has hardly been fairly worked 
out, even in temperate latitudes, and that before we can safely ennnciate 
laws of geueral application, a vast number of obsenatious must be mado 
in both tropical and arctic climates. 

The fact of the apparently capricious limits which have been assigned 
to many animals has been albided to above. That all animals are 
mlapted to the conditions in which they live is a truism, for if they were 
not so adapted they would not live, but die; but the strange fact is that 
we do not always find animals in those conditions for which they are 
adapted. At the present day millions of horses run wild over the Pampas 
of South America, and these great plains are overspread with a peculiar 
kind of thistle; there can be no donbt, therefore, that the climatal and 
otber conditions of this part of the American continent are eminently fa- 
vorable tA both horses and thistles. Kevertholeas, at the period of the 
discovery of the Americas, neither the horse nor the thistles existed in 
these regions. 

In like manner, eighty years ago, neither horse, nor ox, nor sheep 
grazed the wide pastures of Australia; now they dourish and run wild 
tbei-e. The siime is true of New Zealand. The little fresh-water muscle, 
the Ihreiasena, now so common in our canals, ha^'ing swarmed oi'er 
the whole country, is a recent importation from EasteiTi Europe. Con- 
ditions most favorable for its oxiatence have existed for ages, and yet it 
only now reaches them artificially. However trite may be the assertion, 
therefore, that animals are fitted fw their conditions, the converse propo- 
sition, that conditions imply the existence of creatures fitted to flourish 
in them, is manifestly untrue. 

Agnin, the existing distribation of animal life furnishes good grounds 
for exercising the greatest caution in reasoning from the jiopulation of 
one area, however vast, to that of another. A naturalist might be jier- 
fectly acquainted with the indigenous animal inhabitants of all South 
America and Australia, and yet not know that there were such things in 
the world as the elephant, the rhinoceros, the hippopotamus, the giraffe, 
the lion, the tiger, the horse, the ox, the sheep, or the goat He might 
be fblly acquainted with the population of all the enormous area which 
contains Australia and the Pacific Islands, ii::<l yet not only be ignorant 
of the animals just mentioned, but might never even have bean] of bears, 
cats, monkeys, ruminants, sloths, or ant-eaters. Finally, the exclusively 
African naturalist might fairly conclude from bis own ex[>erience that 
great quadrupeds abound everywhere, and that there are no such things 
as kangaroos or opossums. 

The commonest facts in distribution, therefore, teach us that it is 
never safe to apply couclnsions t>ased upon the investigation of a limited 
area, however large, to the animal inhabitants of the rest of the world. 

There is yet another caution neoessar,f in reasoning from the facts of 
distribution. It should be well borne in mind that the connection between 
a given form and the conditions in whicb that form flourishes is, in the 
great majority of cases, unknown to us. Tbc laws of distribution ai-e 
for the most part iiurely empirical; they are merely the expression of 
observed facts, of the reason of which we know nothing. If we obser\'e 
species A always in a warm clinmt« and si>ecies B always iu a cold oue, 
we may conclude if we find specimens of A and B that the climates iu 
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whieli tliey Jlourisheil wore respectively Krarm and cold. The force of 
the concluision will dcpead niwn tlie extent of onr previous observation 
with roRard to A and B. In practice, and within certain limits, such a 
courtiisiou is probal)Iy valid, but it is a very different matter if the ar- 
pnment is put, as it more coniinonly i»i thus: S|>«:ies A and B are 
fonnd respectively in hot and co!d climates ; therefore species a, which 
is very like A, though not the same, and 8i)eeies b, which is verj- like 
B, thnufr)! diKtirict, indicate that the climates in which they flourished 
were respectively warm and colil. 

This arsnmcnt, it is obvious, is only valid on the asfiumjttion that cer- 
tain amount of similarity of form implies similarity of necessiiry cimdi- 
tious; and the qnestion immeiliately arises: llow much similarity of 
form implies how much similarity of conditionT 

In the present state of science no definite answer can be given to this 
question. It is not understood why some genera are well-nigh universal 
in their distribution, others limited in their area. No com|)ansoii of the 
(tsteology of the arctic fox and of the jackal, of the jwlar bear and of the 
black hear, of the musk ox and of the buQiilo, would enable the ana- 
tomist to tell which of these species inhabits an arctic, and which a 
warmer climate. And on the other hand, though the esistiug species 
of hippopotamuses, rhinoceroses, and elephants are now exclusively in- 
habitants of warm climates, it is certain that verj- similar species 
fonnerly flourished in climates at least as cold as that of England, if not 
much €;older. 

Tliat these difficulties Iwset the enunciation of laws of distribution of 
general application, indicates what is tolerably certain on other grounds, 
that the existing arrangement of living beings on the surface of the globe 
is a complex result, the product of the interaction of a number of distinct 
causes. It is pretty clear, indeed, from what we know of life, that the 
presence or absence of any particular liviug being, on any given spot of 
the earth's surface, mast depend on these conditions: 

1st. The mode and place of origin of that kind of living being. 

2d. Its powers of voluntary migmtion. 

3d. The extent to which it has undergone iuvoluntary migration in 
conseipiencc of changes in the distribution of sea and land, currents, &c. 

4th. The R:inge of cUmatal and other conditions under which alone it 
can exist. 

If we hadthesedataforeachspecies, its distribution would be a matter 
of calculation. But unfortunately they are not yet ascertaiued for any 
sjiecies whatsoever; nor is there, with regard to one or two, that agree- 
ment among men of science as to the probabUities of the case which 
would bo desirable. 

Thus, respttctiug the first condition, no one has ever witnessed the 
origin of a species, nor is there auy scientific evidence as to the mode or 
place of origin of any living tlung. 

As to the hypothetical views, all the possible alternatives have their 
ailvocates. There are those who suppose that all living beings were 
■ereatwl at once, in one spot, whence they have subsequently migrated; 
T>ut iiersons of sound intellect, Acquainted with the facts, usually attach 
thenisehes to one of two other views. On the one band, some conceive 
that all living beings were created as we find them, and where we find 
them; or that, at any rate, they are the descendants of a stock created 
within a distance not greater than can be overcome by the voluntary or 
■inx'oluntary migration of the species. Those who entertain this \iew 
usually flup]K)se that a species once created can only be modified to a 
■very limited extent. 
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Ou tlie other hand, their opponents inaiutain that there is no evidence 
that 8[)ecic.s were created as wo find tliem, but that there is reason to 
believe that all living things are the result of the gradual modilicntioti 
of one or more primitive tbrnis. ' ' 

Paswion aud the odium tlicologicum are too often allowed to enter into 
the discussioa of these views. The triumph of either, except so far au 
it is the triuu>ph of tnith, is to the man of science, however, a matter 
of profound indifference: aud in this spirit the arguuieuts on both sides 
are thus shortly summed up : 

a. Those who maintain the first view urge that all evidence tends to 
show that, in the onlinar^' course of things, living beings can only take 
tlieir origin from pre-existing living beings ; so that, even if the indefi- 
nite ftioditl ability of sjiecies were admitted, it would yet be necessary to 
suppose a direct creative interposition in order to account for the first 
germ of all ; aud if we admit one direct interposition, it is said, there is 
DO difticiilty in admitting twenty or twenty thousand. To this it is 
replied, that, altliough there mny be no greater difficulty in the one case 
than in the other, yet the assumption of creative acts, being in reality 
nothing more than a grandilotiueut way of expressing our ignorance of 
the real connection of the phenomena, and our iucomi>etence to conceive 
their origination, every reduction in the number of such assumptions is 
ft clear gain to science. 

It is furthermore urged that the direct creation of a species is an 
occurrence which not only has no scientific evidence in its fiivor, but is, 
in the nature of things, incapable of being supported by such evidence. 
For, suppose that in a glass of water, perfectly free from a trace of organic 
matter, a new species of fish were suddenly to make its a[>pearanee 
before the eyes of half a dozen naturalists, not one of them would believe, 
or would be justified in believing, that this was a direct creation out of 
nothing. Philosophically it woiild be illogical, and religiously it woald 
be mere suiterstition to believe that which is in direct contradiction to 
our universal experience of the modes of action of the Creator. 

b. It is affirmed that, in some cases, ajiimals and plants of the same 
species inhabit such completely separated regions that their origin, 
except by independent creation, within their present area is incoueeiv- 
able. One of the strongest cases of this kind is that aflbrded b>' a 
marine crustacean, sometimes seen iu our fish markets, the Norway 
lobster, (Nepkrops norvegicm.j Tliis auimal is found on the shores of 
Norway and of tlie northern parts of the British islands, but not on our 
southern shores, nor on the Atlantic coast of France, Spain, or Portu- 
gal ; it reappears, however, at Nice in the Mcditemiuean, and abounds 
in the Adriatic about "Venice. 

There appears to bo no doubt that the northern and the southern 
forms are speciflcalty idcutical, and it is naturally asked, how could 
these isolated detachments of oue species have migrated to such widely- 
separated points without leaving some colonies on the only road which 
is open to them^ viz., the western shores of Europe t Aud jf their 
present distribution is not to be accounted for by migration, how is it 
explicable, except by supposing that the stock of each detachment was 
treated where we find it t 

Were the limits of the land and sea fixed and unchangeable, were 
there no such things as geological change, the x>roblem might seem to 
be insoluble. But the instability of the laud aud the consequent inces- 
sant alteration of dry laud and deep sea at the very same points of the 
earth's surfitce, are the first lessons of the student of geology. 'Riis 
being the case, however, the argument at once loses its force; for if by 
the submergence af Central Europe the Mediterranean and the North 
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Seas ever communicated, ttae Nepkrops would readil; have spread from 
Korway to the Adriatic, or vice versa ; and wbeti the central mass of 
Karope rose again, the area of its distribution would be cut in two, and 
the northern abd southern fragments only left. 

That tbia is the explanation of the apparent anomaly would tie proved 
if Nepkrops varvegwua were found foaail in any of the strata constituting 
the present laud of Ocntral Europe. So long as this is not the case it 
can only be regarded as hypothesis more probable than that of s{>ecia1 
creation at two paints, and hence excluding the necessity of adopting 
the latter.* 

Many cases of distribution which have been supposed to be similar 
to that of SephropD, and addncetl as such by the advocates of many 
centers of creation, have been shown to be not really of the same nature, 
the widely separated forms not' being in reality of identical 8|>ecies. 

c. The great f)uestion, however, upon which the two schools of natu- 
ralists divide is : Are si>ecies i)ermaneut f In other words, is it iKtssible 
that any conditions operating through any amount of time upon any 
number of generations of a species A, shall give rise to a distinct spe- 
cies B f 

lu this, as iu all other instances where thinking men entertain flatly 
contradictory opinions, the difficulty of coming to a mutual understand- 
ing appears to arise in a great measure from the want of a clear appre- 
hension of one another's meaning. In the present case it is probable 
that no two persons attach precisely the same signification to the word 
•' 8)>ccies." 

Most naturalists admit, indeed, that species have a distinct physiolo- 
gical character, viz: that the intermixture of two species will not pro- 
duce a fertile race, even if it gives rise to any progeny at all ; but, un- 
fortunately, this test is, from the nature of the case, practically inappli- 
cable, not only to the great majority of living animals and plants, hut 
to all fossils. 

In practice, therefore, the naturalist is obliged to neglect the physio- 
logical characters of a species, and to confine himself entirely to those 
which can be founded on form and structure. In this sense a species 
is the smallest group to which distinctive and invariable characters can 
be assigned. 

If, to use a seemingly paradoxical expression, all liring beings were 
extinct — if they were represented by a limit«d number of fossils, and 
lay before us as things to be arranged and ciassifled, the practical appli- 
cation of this definition of species would have no difficulty. Sooner or 
later the whole organic world would be sorted out into the smallest 
parcels which could be characterized by a definition, and these would 
be " species." 

It is obvious that the task would be equally easy were all living 
beings absolutely immutable ; if every member of a species were exactly 
like its fellows, and if all progeny precisely resembled its parentage. 

If every dog, for example, were precisely like every other dog, and 
every puppy exactly similar to its parents, there could be no difficulty 
about defining the species dog, nor could there be any hesitation in 
deciding whether a given animal belonged to the species dog or the 
species wolf. 

Unfortunately for scientific ease, no Bnch immutable forms exist in 
nature. Like everything else iu the world, a living being is a compro- 

* SpccicB of thu c^Dua X^kropi have, curiously enough, been founil fossil iu Ceutnl 
France (<lepartinent of tlio Vonue) at u poiut about half \ruy bctireen the uorthcm and 
Nuthem area of N. ttortegicut. / -~ . . t 
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mise, a resiiltoiit of all the forces whicb act npoD it ; and tlioiigli, like 
• a planet, it tenda with an itntneiise force to move iu a coarae of its own, 
yet, lilte that planet, it is affected aod i>ertorbed more or less by all sur- 
rounding conilitious. 

Hence, inasmuch as no two livinij beings can ever possibly have been 
subjected to precisely the same conditions, it is not wonderful that no 
two ever were, or ever will be, precisely alike ; nor is it strange tbat 
species vary iu proportion to the variety of the conditions to which they 



It is needless to do more than refer to facts which lie within every 
one's experience. No person is unaware of the difference in the result 
produced when two seeds from the sauie plant, or two animals from the 
same brood, are exposed to widely different conditions in respect of ligbt^ 
warmth, and nourishment 

In all sncli ciises, however, tlie modification is limited in amount, and 
no modilication of conditions will so mask the characters of the species 
as to ]trevent their recognition in either the Stunted or tiie overgrown 
individual. For every individual, therefore, it can hardly be doubted 
that specific characters are permanent and immutable. Do what yon 
will with a sheep-dog pnppy, you will not turn him into a wolf. 

It is obvious, therefore, that thus far the influence of conditions can 
l>e shown to have no appreciable eS^ct in i>ermanently modifying spe- 
cies; for, if the ofi'springof the modified individual were in all re^tects 
like its parent before the modification of the latter, it is clear tbat the 
whole influence of the modifying conditions would only bring it to the 
same point aa the parent; that the modilication in any number of gene- 
rations would go no fnrther; and that when the influence of these con- 
ditions was removed, the species wonld nt once return to its primitive 
and typical form. Thus, sup]>ose a pair of sheep-dog puppies could be 
converted into greyhounds by a peculiar course of food and training; 
for anything which has been yet 8tat«d they would produce puppies 
which would only become greyhounds under a like course, and it' lef% 
to themselves, would resume their pure and unchanged sheep-dog char- 
acter. 

Now, in nature, this is not the case, by reason of the great fact of 
hereditary transmission. Every living being is, it lias been said above, 
the resultant of all the forces which act upon it; the statement id in- 
complete unless we add : and which hare acted upon its parents 

Tlie femes in question are divisible into two elaases: the one more 
powerful, intrinsic, impressed upon the germ, and causing tbat germ 
invariably to tend toward the prmluction of a given form ; the other 
weaker, extrinsic, consisting of all those assisting, modifying, or even 
. destructive influences which reside in the surrounding universe, and 
which are c^led external conditions. 

For every individual living thing, this distinction into intrinsic and 
extrinsic forces is absolute; but the law of hereditary ti-ansmissiou 
obliges us to admit that it may not be so for a series of generations. 
For hereditary transmission means simply, that a modification under- 
gone by a parent more or less aff'ects it.s ottspriug-^the offspring tending 
to reproduce that modification. Thus in the imaginary instance given 
above, the offspring of the modified sheep-dog, even if placed in entirely 
indifferent conditions, wonld have a tendency to assume greyhound char- 
acters. The intrinsic force of that germ, its tendencies, would be thus 
far modified by the iuRuence exerted by external conditions on its parent. . 
The operation of an extrinsic force on one generation may become In the 
next an intrinsic force. 
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Bat it is obvious that if once the iiiflueoee of hereditary transmUsion 
in modifving the tendencies of the germ (and no one denies it) be ad- 
mitted, it is very difficult to say where the modification of a given siiecies 
shall stop. 

Here, tlierefore, is the. battle frronud of those who admit and those 
who deny the indefinite modifiability of species. On the one side are 
adduced the two indubitable facts, firstly, that certain unquestionable 
mo<iitications of one and the same species, such as the dog, aro^ as 
Cuvier says, more different than any wild species of the same natmal 
genus; secondly, that the admission of indefinite modifiability reduces 
the production of species to the ordinary course of nature, and accounts 
equally well for all the phenomena with any other hyiwthesis. 

On the other side are the equally unquestionable truths that specific 
characters are retained under even extreme modifying inlluences with 
great tenacity, and that artificially produced modifications tend, if left 
to themselves, to return, more or less nearly, to their primitive s[)ecific 
character. It may be doubted, however, if these propositions are really 
inconsistent with the doctrine of indefinite modifiability. 

At pi'eseut the evidence before the naturalist can hanlly justify him 
in declaring his absolute adhesion to either view, bat according as he 
inclines one way or the other, so will it be probable that his views as'to 
the limits of species will vary. He who leans to the hypothesis of indefi- 
nite modifiability will tend to neglect, and he who inclines to that of 
the fixity of species will tend to exaggerate, minute diflerences. As the 
case now stands, those who wish to adhere to the golden mean must put 
their trust in common sense, a i>erceptiou of the needs of science, and 
that sort of tact which can be gained only by incessant practical work- 
ing at species.* 

4. 80 much for those laws of natural history which help us to uuder- 
stand what the various forms of living beings are, and how they vary. 
The next most important question is, do animals and plants, as they die, 
perish and leave no trace beliinci, or what Incomes of them t 

The answer to this question mast be different according to the par- 
ticular kind of animal or plant to which reference is made. The fungns, 
which, springs up in a night, dies, decays, and is swept away as rapidly; 
and the soft marine jelly-fish or worm may leave no more permanent 
traces of its existence. Carnivorous and herbivorous animals, again, 
destroy and efface all recognizable signs of the existence of multitudes 
even of those living beings which are, physically and chemically, better 
qualified to endure. Again, though it be a fact that the great majority 
of both animals and plants are provided with parts sufficiently haitl and 
indestructible to resist the ordinary causes of decay for a very consider- 
able time, nevertheless exposure to damp and change of temperature in 
the case of the remains of land animals, and the incessant wear and tear ' 
of watery action among aquatic creatures, would sooner or later destroy, 
or so deface as to render unrecognizable, the trunks of the hardest 
wooded trees and the most solid bones and shells ; and this would take 
place in a space of time which, however long to us, is a very brief i>eriod, 
geologically speaking, were it not for the very simple but efficient 
preservative agencies which are brought into play by the very same 
causes. 

The hard parts of terrestrial animals and the remains of land plants 
are, indeed, to a great extent destroyed by their exposure to the condi- 

*It sboald be noted that these pagpa were written before, tlio anpeanmco of Hr. 
Darwin's book on the "Otigia of Species," a work which lioa effected a rovolatiou in 
biologlct^ Bpecnlation. 
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tioQS euiimpratwl above; bnt it occasionally happeus tliat accidental 
floods sweep tJiem away into low grounds, hollows, or oaves, where tliey 
rest and become covered up with the tine rand deposited as the waters 
subside ; or living animals may be swallowed np in peat-inosses and in 
swatDps; or their remains may be exposed to the action of springs 
highly charged with eiilcareoiis matter, and thus become coated with 
carbonate of lime ; or the wind may envelop tbcm iu drift sand ; and in 
all these instances they will ho more or less eft'ectnally protected from 
farther change. 

The imbetlding and preservation of the exuvia of those marine ani- 
mals and plants which are not destroyeil by the carnivorous and herb- 
ivorous races, on the other hand, is hui-dly a matter of chance, but must 
always inevitably talie place. The sea is incessantly wesiring away the 
shores against which it Iwats, and the shallow grouuds over which its 
currents and tides race, audermining and cutting them away, and grind- 
ing the fragments down by their mutual friction into bouldei-s, shingles, 
pebbles, ssmd, and mud. It then carries nway the finer materials, and 
spreads them over the deeper and quieter portions of its bed, where 
they are arranged in successive layer^ which gradually rise into banks 
of mud and sand. Brooks and stieanis, constantly bringing down sim- 
ilar materials from the higher grounds iuhtiid, add to these deposits, or 
form similar ones peculiar to themseh'es, thus giving rise to the " deltas" 
and the "bars" fouud at the mouths of most rivers. In all the 
quieter and not too deep parts of the sea bed, tlierefore, it is as if a con- 
stant though verj' slow niin of flue earthly particles were going on, and 
consequently every dead shell, every undestroyed bone, which is left on 
the bottom, is sooner or later oovereil up and protected fmm ftirtlier 
destniction. Just as the showers oi flue ashes which fell from Vesuvius 
seventeen centuries ago so covered np and protected the remains of 
llercnlaneum and Poraiieii, that even now the smallest relics of Itoman 
daily life are presened for our ' inspection, so may the muddy deposit 
now taking place over a largo extent of the present sea bottom preserve, 
for the inspection of future generations, the remains of the creatures at 
present living and dying thei'e. 

For the sake of eleumess it has been provisionally assumed that, in 
all these instances, the organic bodies have been preserved by being 
enve]o]ied in masses of inorgauie matter ; that the mud wliich forms the 
bottom of seas aud rivers is, in all cases, pulverized rock brought from 
other localities. It is very rare, however, to find mud pui"ely of this 
character, and there are some remarkable accumulations at present 
taking place, of which every particle is derived from organisms which 
have once lived, the apparent mud, in which the large organisms are 
imbedded, being nothing but a mass of shells of minuter forms inter- 
mingled with fragmeuts of larger ones. 

6. Most important consequences flow from a recognition of the fact 
that the modes of preservation of the remains of animals aud plants 
last described far outweigh every other in importance and extent. This 
may be made more clear hy again using the instance of Pompeii and 
Herculaneum as an illustration. Suppose that long after these cities 
were buried others had been built over them by some of the many bar- 
barian invaders of Italy, during the decline of the empire, and that 
after a while Vesuvius had entombed these under another shower of 
ashes ; and that these had, after a few hundred years of existence, un- 
dergone a like fate, so that the whole of this part of Itidy was buried 
nnder volcanic accumulations, on the surface of which flourished the 
villages and vineyards of a race ignorant of the existence rf-a preVoiw 
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voiiditioD of thinga. And now suppose a well to bo sunk, or an excava- 
tion made for some purxK)se or ottier, down to tbe original fonndatioii 
of Pompeii; the digger would pass through three layers of volcanic 
accitmnlatioDs, separating the foaodntious of as many cities, dijETering 
in the style of their architecture, in their sculpture, their paintings, anil 
their utensils, and clearly showing that they belonged to three separate 
nations. It would be quite clear, again, to the excavator, that t he high- 
est city must be the latest and last built, the lowest the earliest ; and he 
could arrive at no other conclusion than that three several races had 
flourished and perished, one after another, on this very spot in ancient 
times. For how great a space of time each race bad remained, and 
what was the absolute antiquity of any one, or of the whole, be would 
be unable to suy ; but their relative antiquity — the chronologj" of the 
series, would be plainly indicated by tbe onler of their supeqiosition. 

Exactly the same reasoning is applicable to the beds of mud and 
sand which are now accumulating and gradually hardening into rock at 
the bottom of our present seas. Those layers which are at present being 
deposited, necessarilj' lie alwve those which were formed in the sanie 
locality a year ago; and these, above those of the preceding year; 
while, on the other hand, they will be covered up by deposits of futiu^ 
years. Therefore, it follows, that if ever tbe present sea beds are up- 
heaved, so that their composition may be examined, the futiu^ observer 
will find the beds containing tbe remains of marine animals and plants 
superimposed upon one another, in precisely the same order as they are 
now being formed, tlie oldest at the bottom, the youngest at the top; he 
will be furnished by their order of sujierposition with an accurate rela- 
tive chronology of the changes which are now taking place ; but without 
the introduction of other considerations, he will, of coui-se, be unable 
to assign the absolute i>eriod at which any bed was deposited, or the 
time occupied in the formation of the whole. 

Tbe antiquarian called upon to estimate the probable absolute age of 
the oldest of the cities in the imaginary case stated above, would be 
guided by what he knew of the time required to build cities ; by his- 
torical evidence as to the conditions under which nations replace and 
extirpate one another; and by physical considerations based upon a 
knowledge of the mode and rate of tbe formation of volcainic accumnla- 
tiouB of a given thickness ; but even then, he would, probably, prefer to 
state ttie minimum rather than the maximum antiquity. And so tbe 
future naturalist, should he have no other light than the strata now 
formiug themselves aiford, can only be guided, in his estimate of their 
antiquity and of the period occupied in their formation, by bis knowl- 
edge of the average duration of animal life, and of the rate at which 
sediment of a given thickness can be deposited. He may as well as- 
same the remains before his eyes to be accidental " sports of nature" 
at once, as speculate upon any other foundation. 

Just as our only means of comprehending the civil hiaton,- of the 
past is to apply to ancient tim^s those principles which a careful study 
of the actions and motives of our contemporaries leads us to believe are 
of universal application to mankind, so, in endeavoring to interpret 
the monuments of the ancient world of geologj", we must be guided by 
what we kuow of the present creation ; and thus having learned what 
living creatures now exist, how they are coustrocted, and how their re- 
mains are becoming imbedded in the rocks now forming, we are ready 
to enter upon the inquiry as to what forms of life animated the ancient 
worlds, how they were constructed, and how their remains have been 
handed down from those remote ages. ^ 

D„:,iP<.-jM,G00glc 
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6. There are yet one or two collateral points which require discussion. 
Supi>osing tUnt the present bed of the ocean were upheaved and he- 
camo exposed to view, so tliat we could examine the organic contents of 
all the strata of mud and sand which have accumulated and hardened 
into stone for the last four or five thousand yeara, ought we to expect to 
And, at any one spot, a complete and unbroken series of the remains of 
all the creatures that have ever lived there 1 Assuredly not. In the 
first place, it has already been explained that there are many animals 
entirely devoid of pai-ts sufficiently bard to be preservable, and of them 
every trace would have disappeared. It is important to remark that a 
naturalist who should have become acquainted with the present animal 
creation only in this way, would be ignorant of the existence of many 
geoera and families, of some orders, and even of one or two entire 
classes ; but no sub-kingdom would be without abundant rei>resenta- 
tives, and, therefore, he would be perfectly acquainted with all the great 
types of organization at present existing. There would necessarily be 
defects in his knowledge, but these defects would by no means interfere 
with his obtaining a very clear and just, though not complete, idea of 
the present state of things. 

But there are other and more formidable sources of im|>crfection in 
onr palaeontological knowledge. Kotonly does the very nature of some 
animals present an insuperable bar to the preservation of a complete 
record of organic life in the rocks contemporaneously formed, but it is, 
to say the least, excessively improbable that a complete series of even 
those organic boilies which are preservable should be found at any one 
spot For modem research teaches that the level of the land is con- 
stantly changing ; slowly but surely, some countries are rising, while 
others are becoming depressed; and there is good evidence that, in some 
parts of the world, several alternative movements of elevation and de- 
pression have taken place within a comparatively modem period. ITow, 
whenever the bottom of the sea becomes dry land, or the dry land sinks 
to the bottom of the sea, tliere must obviously be an interruption in the 
series of living inhabitants, aquatic forms replacing terrestrial, or vice 
verga. Thus, should the sea bottom be raised into dry land, and then 
depressed again so as to be covered with Iresh deposits, the whole mass, 
when subsequently elevated and exposed to view, will exhibit a break 
in the series of marine organic remains, corresiK>nding in magnitude 
and importance with the interval during which the sea bed remained in 
the condition of dry land. It is probable that there is not a single spot 
on the earth's surface which has not been thus subjected to many altera- 
tions of elevation and depression, and, hence, we may safely infer that 
no single series of superimposed strata can contain a complet« series of 
even those forms of past life which have Nourished in that one region. 

But, if this be true of those marine animals whose chances of preser- 
vation are greatest, whose hard parts contain so little animal matter as 
to be not worth attack on the part of predacious organisms, which are 
sufficiently dense to resist the destructive agencies to which they must 
almost necessarily be exposed before they are protected by sediment, 
and whose locomotive powers are insufficient to enable them to escape 
by migration the imminent fate threatened by changes of level, how 
much more fortuitons must be the preservation of those remains which, 
like the bones of the marine Verlebrata, contain much animal matter, 
and are comparatively soft, or which belong to entirely terrestrial crea- 
tures. And, in fact, it is among the rarest of occurrences to find the 
bonea of a dead wild qnadraped, or bird ; or to dredge up from the sea 
bottom a relic of a fish or of a porpoise, abundant as these animals are 
in our sea.. ,Cooglc 
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We turn to the examination of the collection of fossil remains, tlicD, 
bearing this truth cleariy in our minds, that at best it contains only an 
imperfect record of the past ; that it is a history, some of whose leaves 
arc certainly torn out — we know not how many or how few — though, 
judging by the present condition of things, we surmise that their teach- 
iuga would not contradict any duly limited deduction from the iuforma- 
tiou we derive from other sources. 



1. An important question meets us on the tlireshold, as it met those 
who first directed their attention to fossils: How do wc know that these 
curionsty-formed bodies, often to all appearance of one substance with 
the i-ock in which they are Imbedded, really are the remains of creatures 
which have lived 1 How do we know that they are not what the ancients 
supposed them to be, hmis natura, sports and freaks of inorganic nature, 
produced in blind imitation of living bodies, just as the hoar frost on the 
window panes simulates the foliage of a tree T 

We know that fossils are the remains of animals and plants by pre- 
cisely the same common-sense reasoning as that which led Bobinson 
Crusoe, seeing the impression of a human foot on the sand, to couchide 
that a man ha<l been there. The foot mark might by possibility have 
been an accident, a Ivsvs naturw, but pending the proof that it was so 
the precantions of the shipwrecked mariner exhibited the soundness of 
his judgment. We cannot experimentally prove that fossils are truly the 
remains of dead animals and plants any more than we can experimentally 
demonstrate that the utensils recently brought home from the arctic re- 
gious really belonged to thecrew of the "Erebus" and "Terror;" but all the 
facts, the condition in which the things were fonud, the marks upon them, 
agree with this hypothesis, and none oppose it. On like grounds, our be- 
lief that fossils are the remains of beings which once lived has acquired 
firm hold and remains unshaken; the conditions under which they are 
found, and all their marks, agree with the hypothesis; while increasing 
knowledge, so far from sbaklng, is incessantly, and in very wouderfnl 
ways, strengthening the foundations of this as of every truth. 

2. Tbe extent to which it enables us to reason to the unknown is com- 
monly, nudinagreatmeasurejustly, regarded as one of the best tests of 
the truth or falsehood of a scientific theory, and none has ever more bril- 
liantly stood the application of tbis test than that now referred to. For 
if fossils really are the remains of living beings we nmy reasonably ex- 
pect, in the absence of evidence to the contrary, that tbe animals and 
plants of which they are the exuvia came under the operation of the same 
great law of the invariable correlation of organic peculiarities, which has 
been shown above to be manifested in the present creation, and it might 
be fairly anticipated that the same logical process which enables us to 
reason from the stmctureof the hair of a recent animal to its whole ihime. 
or from the peculiarities of the wood of an existing plant to its fruit, and 
the minor particulars of its embryology would be equally available when 
applied to the extinct inhabitants of the world. 

The magnificent resesirclics of Cuvicr first practically demonstnited 
tlie justice of these surmises, and showed that the laws of correlation of 
parts deducetl from the observation of living animals hold good to a won- 
derful exteut among the extinct forms; so that to one as thoroughly 
acquainted as he was with the details of animal orgauizatiou, an isolated 
IVagment of a fossil bone, or an odd tooth, was, frequently, sufficient to 
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indiente the gonenil affinities of the animal to wbich it belonged : aud to 
justify him in making those wonderful predictions of what woold bo the 
nature of its other parts, which were so often to be verified in the course 
of fntiire investigations. 

One of the most remarkable examples of such successful prediction is 
that which Cuvier himself mentions as "a very singular monument of 
the force of zoological laws, and of the use which may be made of them." 
From tlie famons gypsum quarries which furnished so many occasions 
for tlic display of liis genius and knowledge a block was brought con- 
taiiibtg the imperfect remains of the skeleton of n small animal; the 
shai>e of the lower Jaw and the characters of the teeth were such as are 
alone known to exist in the order of marsupial animals, of which tha 
o]>ossnm and the kangaroo are the most familiar examples. But all 
knowti MarKiipialUi pos-sess two remarkable appendages to the "pelvis" 
or bony girdle of the hips, which are termed the "marsupial bones," be- 
cause they are connected with the pouch in the female. Here was a law 
of invariable correlation of anatomical peculiarities (certain t«eth and 
certain torms of jaw being always associated with the presence of these 
bones) of universal application to living animals; would the law bold 
gowl for the fossil T Cuvier was so conttdent that it would, that he in- 
Titetl some tViends to witness the picking away of the stone from the 
region where he believed the marsupial bones would be found, and the 
result verified his expectation, for the boues were discovered just iu that 
very situation. 

3, It will be easily understood, however, that the whole of this traia 
of reasoning is only valid on the assumption that a certain uniformity 
has prevailed in organic nature; that the structures which we find in- 
variably associated now were invariably associated in earlier times; that, 
in short, the gre-at laws which are expressed by our conceptions of com- 
mon plans have always remained the same. We know of no reason, save 
the invariable occurrence of the co-existence, why a peculiar form of jaw 
should alwaj's be accompanied by the existence of marsupial bones; and 
jnst as certain animals now exist in which the marsupial bones are 
present, while the peculiar structure of jaw is absent, so it is quite within 
the limits of possibility that, at an earlier period of the earth's history, 
animals might have existed possessing the peculiar jaw, but deprived of 
the marsupial bones. Of course, in this case Guvier's reasoning would 
not have been conclusive, and his prophecy might not have been verified. 
In point of fact it would not be safe in all cases to regard the laws of 
invariable anatomical correlation, deduced from the observation of the 
existing animal world, as applicable, without reservaHon, to the members 
of extinct faunas. No generalization from the structure of existing ani- 
mals could be better established than that biconcave vertebra are found, 
throughout the spinal column, only in fishes and iierennibranchiato 
amphibia, or hollow bones of a certain form are characteristic of birds, 
au(l yet we should be led into most erroneous conclusions by reasoning 
without hesitation from these data, to the structure and affinities of the 
animals to which certain vertebrss and certain bird-like bones found in 
the mesozoic strata belong. In fact, while experience shows, with a con- 
stantly increasing weight of proof, that the great laws of the construction 
of animals have been identical throughont all recorded time, and while, 
therefore, when we possess any clear indication that a fossil animal 
belongs to any one of the great groups, we may safely predict that it 
will exhibit all the other ekaraeteristic peculiarities of that group ; we 
iniist be careful to remember that in many of the smaller groups combi* 
nations of organic pecnliarities have existed of a very diffecent uataro 
25 s L.OOQk- 
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from those Trhich now obtain: and we must', therefore, he content to 
regard many of tlie established generalizations as only approximatively 
correct. 

As a general rule, however, it is very trae that the more we leant of 
the world of fossils, the more clearly does the conviction force itself 
npon our minds, that from the earliest times of which we possess a rec- 
ord to the present, no change has taken place in the general scheme of 
the organic world. There are perhaps 15,000 estffblished species of 
extinct animals, but among them there is not one whose plan of con- 
Htmction difiers so far from any now known, as to require the estab- 
lishment of even a new clasi^ for its reception. Different naturalists will 
estimate the number of cliisses of animals now living varionslj^; but 
they may he safely assumed to be at least flve-and-twenty distinct mod- 
ittcations of the five great primitive common plans ; and yet so com- 
panitively slight has been the change since the earliest times, that the 
whole extinct world will not supply us with a six-and-twentieth modifi- 
cation. If we descend to the next smaller divisions, to the orders, the 
same fact becomes apparent; at the very lowest estimate there are 
not fewer than between a hundred and thirty »n<l a hundred and forty 
orders of animals, and out of these, at the most, not more than fourteen 
or fifteen are represented only by extinct forms ; that is to say, in the 
whole range of geological series not more than ten or twelve per cent, 
of ordinal types, different irom those which now exist, having come into 
being.* 

4. The history told by the records of the organic world is in perfect 
harmony with that which is written on the face of inorganic nature. 
The thickness of the crust of tbo earth, down to the greatest depths to 
which man has been enabled to penetrate, is to a great extent composed 
of strata of rock, the physical and chemical peculiarities of which 
evince their identity with tbe products of the present operations of 
nature. Beds of conglomerate containing round pebbles demonstrate 
that the sea beat against and broke up its rocky boundaries then as 
now, rounding and polishing the fragments by incessant friction aa it 
wears them on any modem shingle beach ; fine-grained limestones and 
sandstones show that, then as now, the finer products of their attrition 
were carried away and deposited, in the form of beds of mud, npon the 
deeper and quieter parts of the sea bottom. Vast and frcquent inter- 
ruptions in the regular series of l>ed prove that, in ancient times as at 
presenti-the solid crust oscillated, so that what was dry land became 
covered by the sea, and what was sea bottom remained for long ages 
dry land. And, finally, In like manner as we know that, within the 
period of which man is cognizant, alt these changes have gone on in tm 
excessively slow and gradual manner, rapid and convulsive action being 
altogether exceptional, so we have the clearest proof that the time repre- 
sented by the vast succession of ancient strata is enormous and almost 
inconceivable, and that gradual and regulai' change was, then as now, 
the rule, catastrophe and convulsion the exception. Nevertheless, as 
in the ancient organic world we have found that there is a certain amount 
of departure from what might be called the by-laws of the present cre- 
ation, so it is quite possible that, in the physical world of past times, 
changes may have now and then taken place with a rapidity and a 
violence to which the minute experience of man affords no paralleL An 
Ickthyosaurua is, in one sense, a sort of animal catastrophe, and as wo 
are all well assured of the occurrence of this one wide deviation from 

* Thcnnmber of orders ia hero purposely taken at on extreme minimum ; while th* 
bigbwt possible valoe ia given to the extinct groups. ('~'i-M-inli"' 
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eziating manifestatioiia of tbe vital forces, m we mast not be too sore 
that correspondiug departures from tbe usual order of the physical 
vorld have not occurred in past times. 

The same analogies which demand this cantioDj however, fully justify 
ns in concluding that throughout all geological time the great physical 
forces have oheye<l similar laws. Tbe gravitation of matter, its hard- 
ness, the effects of heat and of chemical affinity upon it, have been the 
same, we have every reason to believe, from the Cambrian age to tbe 
pceseot, and, as a consequence, it cannot be doubted that tbe vital 
actions of tbe trilobites were governed by the same physiological laws 
as those by which we now live and move and have our being. For, 
leaving the phenomena of consciousness out of the question, physiology 
is bnt an application of pbymcs and chemistry. 

5. Now, just as the reBtorations of the palaeontologist imply bis confi- 
dence in the uniformity of the great laws of morphology throughout all 
time, so the chronology of geology, the basis of tbe whole science, rests 
upon a like assumption with regard to tbe general uniformity of the 
laws of physics and chemistry. It would be ridiculons to argue from 
tbe superposition of ancient beds, unless we assumed that their cou- 
Btitnent particles gravitated in the same way then as now ; the identity 
of mineral character of two beds could prove nothing, without tbe as- 
sumption that the laws governing chemical changes bave always been 
the same J and, in like manner, we can reason on the general habits of 
ancient living beings only on the assumption that the great laws of 
physiology were the same then as now. No half measures will avail } 
we must be prepared either to assume the general uniformity of ancient 
and modem action, or we must give up the problem, for no other hy- 
pothesis affords the least criterion of truth, or the slightest check upon 
the play of tbe imagination. But if we may argue from like eftects to 
like causes, then geological chronology is as much a matter of science, 
and capable of being tested as thoroughly, as any other case of sueces- 
sioQ. 

The argnments on which these chronological considerations are 
founded are simple and intelligible enough. It has been already proved 
that, in the present state of things, the lowest of any series of beds which 
have been deposited from water is of necessity the oldest. If, then, 
the great mt^ority of the ancient strata have also been deposited fit>m 
water, if they are nothing bnt the hardened muddy beds of ancient seas 
and lakes, (a fact of which there is abundant evidence,) then the same 
law necessarily applies to them — the lowest stratum is the oldest, and 
the superjacent beds have all been deposited during a subsequent period. 
The argument applies with equal force to the whole crust of the earth, 
and if we could tell how much time was required for the formation of 
each bed, we should, by abiding ail the periods together, arrive at the 
smaUest possible interval which can have elapsed since the deposition 
of the oldest bed. We have no data sufficient to enable ns to say, with 
any approximation to accuracy, how long it tjikes to deposit sufUcient 
mud or sand to form, when hardened, a layer of rock two feet thick ; 
bnt we are quite safe in saying that neither lake nor sea ever deposited 
that amount upon its bed in the course of a year.* Kow the total 
measured thickness of ancient strata, deposited either from fresh or 
salt water, is not less than G0,000 feet, (or about twelve miles,) so that, 

■Exceptional deposiU, oa, for instanoe, by e.trthqaake flixkla, ar« here left ont of 
eonsider&tioa, as tbe; citn bnvu bail tint little iaflueuce on tbe sum total of the aqoeous 
fbmiatioQB. Tbe total tbiukaeas of the latter here aaanmed ie midway iMtween tbA 
- M of Professor PhiUipe and Sir C. Lyoll. 
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even asBnming tbem to have been depositee!, withoat intermption, at a 
rate faster than any aea or lake deposits mud now-a-days, we should 
Btill reqaire a period six times as long as that of which any human 
record exists, for their formation. But, in truth, when we teke into 
account the probably immensely greater time required for the formation 
of two feet of sedimentary deposit, the vast amount of rock which has 
been formed and subsequently swept away by denndation, so that it is 
not reckoned in estimating tiiis total thickness of the strata, and the 
possibility that masses of strata, which will require interpolation In the 
general series, lie hidden fix)m our view in parts of the world which 
have not yet been examined, or nnder the present bed of the sea, the 
most sober calculator will hardly venture to limit the factor by which 
even a period of thirty thousand years should be multiplied to give the 
whole period recorded by the monuments of geology. 
The conclusious here drawn from the facts of physical geology are in 

Sirfect unison with the chronological indications afforded by fossils, 
eds many feet in thickness, composed of the remains of marine ani- 
mals, their shells nnbrokeu and undisturbed, and sometimes covered 
with parasitic growths, {just like recent dead shells which remain long 
undisturbed at the bottom of the ocean,) are constantly met with. Here 
and there are thick strata, composed of nothing but the remains ot 
microscopic plants and animals, which must have required a vast time 
for their aggregation ; elsewhere, the vestiges of huge coral reefs testify 
that innumerable generations of their slowly-growiug fabricators must 
have lived and died undisturbed, in one locality; and, in some places, 
enormous accumulations of the bones of large vertebrata, each individ- 
ual of which must have required many years to attain its full growth, 
tell the same tale. 

The two great astronomical truths to which the general mind has 
always found the greatest difBculty in assenting are, first, the doctrine 
that the seemingly fixed earth moves, while the apparently moving son 
stands still ; secondly, that the earth is but a particle, and the diameter 
of the system to which it belongs insignificant when compared with the 
vast space which separates one of the greater heavenly bodies from 
another. Geology presents two corresponding truths, as hard M believe 
and yet as well founded. The first is, that the seemiugly fixed land is 
subject to incessant oscillations, while the sea, so mobile on the small 
scale, remains in reality comparatively unchanged. The other is- that 
our historical period, even if we include the widest limit to which tra- 
dition would carry the recordsof ourrace, isbut an insignificant portion 
of the countless ages which have elapsed since the animals, the remains 
)f which are exposed to view in the Lover Silurian cases of this collec- 
tion, lived and died, and were buried in the oozy bed of the ocean of 
tiiat period. 

We are, therefore, compelled to believe that a general uniforroity has 
prevailed in the operations of physical and vital nature tbrougboat all 
time of which we haveany record: but just as the generally uniform and 
regular movement of the celestial bodies is quite consistent with minor 
and snbordinate perturbations, so the proved uniformity of action of 
the causes ia operation in the physical world by no means excludes t^e 
jM>ssibility of occasional sudden and immense changes, or " catastrophes," 
as they have been called; nor does the equally evident general unifonnity 
of plan predominant throughout the ancient fauna and flora in any way 
interfere with very great and important deviations from those which 
now exist 
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REMAfflS ON THE "CABA GIGANTESCA" OF TZAMAl IN TFCATAN. 



Bt Db. Arthur Schott. 



Of tlie many remarkable relics of ancient Maya civilization, the little 
towD of Yeamal, situated nbout thirty miles east of M^rlda, tins a con- 
siderable share. One of the most valuable, bocanse mythographically 
most eloquent, is the so-called "Cara Giganleaca," (gigantic lace,) a colos 
8al work in stucco on the east side of a solidly built stone dam, running 
north and south between various sacred mounds, or " kues," as the 
Mayas call tbem, and of which the historians of the Spanish conquests 
mention ten or eleven as in existence almost intact, shortly after the 
subjugation of the peninsula. 

Stephens, in his " Incidents of Travel in Yucatan," also speaks of 
the curious face on the wall, which he bad visited in the courtyard of 
Seiiora Alcndez. This author, however, devoted only a few cursory re- 
marks, together with an equally unsatisfactory illustration, to a subject 
which weU deserves the close attention of tli« nntiquflrian. 

There is nothing in the features of the imago which should be desig- 
nated as stem and harsh, as Mr. Stephens hfis done, for the only strange 
feeling this face may produce is causeti by the colossal scale iu which 
the whole work is jirojected. Ottierwise the face, with its oblong, oval 
outline, exhibits what the Simni.'sh dettnc as a "cara angoata," (narrow 
face,) in opposition to the broad, square type of the common Indian of 
the land. The features are rather feminine, which is only a generally 
recognized peculiarity of the A merican aborigines. The whole face ex- 
hibits a very remarkable regularity and conforms strictly to the univer- 
sally accepted principles of beauty, which have been handed down to 
the art of the present day by the masters of ancient Greece, A verti- 
cal line drawn over the forehead, nose, and chin, divides itself naturally 
into three equal parts, each of which correspontis exactly to the frontal, 
nasal, aud maxiilury regions. The opened mouth, bringing the upper 
teeth almost into full view, together with the ronnded nostrils and the 
slightly elevate<l tip of the nosoj impart to the whole a singular expres- 
sion, which is certainly uot accidental, but agrees strictly with the sup- 
posed puriwse for which this face was made, and which will be more 
manifest by the following remarks. 

The outline of the fiice or head varies from the Greek oval by ap- 
proaching nearer to a rounded oblong, for the cheek and jawlmnes 
are rather more developed than the rules of classic beauty would admit. 
The iieaddress iu the shape of a mitre is encircled just above the fore- 
head by a band, which is fastene<l iu front by a triple locket or tassel. 
A singular deviation from nature is exhibited by the ears, which arc 
made to project forward. Under the chin thre« Hat stone plates pro- 
ject, while the space on both sides of the head is filled up with numer- 
ous arabesque cur\-es of various kinds. The whole of this remarkable 
piece of stucco work occupies a space of about ten feet square. 

There is little doubt but that this work in its time must have served 
as a sort of altar, upon which the offerings of burnt iucense were de- 
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posited avcoinpanied by the prayers of the devotees. Mr. Stephens 
also held this opinion not only on the strength of certain popniar tra- 
ditions, but by virtue of some direct histoneal accounts of tlie Mayas. 
Ilie blackened and charred marks on the three stone plates below seem 
to corroborate this assertion. Whether tiie image was once intende<l 
to represent a deity or demigod cannot now be proved to a certainty, 
bat its nature can reasonably be guessed at, so that it may properly be 
taken as a representation of YtzamatuI himself, who was the semi-dirlne 
foQuder and legislator of the ancient realm of Ytzmal, now Yzntnal. lu 
order to enable the reader to judge for himself, an extract from the 
early history of the Maya confederation in Yucatan may be acceptable. 

After the fall of the first Maya empire during the eighth century of 
our era, when Chtcben Itza, the then center of civilization, lost her 
prestige as the principal city, Yt2mall)ecametbe foremostpUice in the 
country. Here ruled YtzamatuI, the son of the true, living Ood, as he 
was believed to have been. None ever knew whence he had come, for 
whenever asked as to his origin he invariably answered : " Ytzen caan, 
Ytsen muyal,^^ which means, '■•I am the dew of heaven, the suhstance of 
tJie chudK." It is, i>erhaps, also not improbable that this king's name 
was more a title than a real name, for in the Maya idiom it em- 
bodies a whole sentence within a single word, the meaning of which 
ia, "fie who receives and possesses the grace." Be this as it may, 
this name makes it obvious that its royal bearer must have been con- 
sidered by his people as a semi-divine mediator between heaven and 
earth, an idea by no means novel in the history of human civilization. 
The real existence of snch a personage is, in a strictly historical sense, of 
little impoilance, but is noteworthy for the ethnographer, that the tradi- 
tional divine or semi-divine nature of the rulers and founders of empires 
is sucli a constant occurrence in semi-historical ages, as to be invariably 
found in some form at the commencement of the history of every nation. 

YtzamatuI, witli bis sut>erior nature, according to Maya traditions, 
did not fail to eiijoy the unbounded love and equally protbund respect 
of the nation over whose destinies he presided. His wisdom as a states- 
man and legislator, as well as bis never failing Justice as disi)enser of 
the laws, gained for liim so much the admiration of every oue of bis sub- 
jects, that after his death the honor of an apotheosis was accorde<l to 
him ; and in order to do full justice to bis memory, and to give tangible 
pioof of the general veneration for the departed chief, bis royal body 
was divided into various portions, over each of which a seinlchral tem- 
ple was erected. These sanctuaries soon became converted into so many 
places of worship, where the pious could ofl'er their prayers and suppli- 
cations. Tbe names of some of these temples, each crowning at that 
time an artificial mound called " kues," have been preserved by several 
of the Spanish historians. Among them oue appears which was called 
*' Kiaicb Kakmo,^ that is, " Sun tcith the face ;" another, " Kabul,^ which 
means, " The tcorkinn (creating) handJ* 

Tradition has it that in both these temples sacred fires and sepulchral 
lamps were burning day and night. Oracles were also pronounced there, 
and the faithful brought thither tbeir sick and dead, which in many in- 
stances became restored to health and life again by tbe miraculous in- 
tercession of Ytzamatul's sacred memory. These places were said to 
have become thus famous and renowned, not only throughout the whole 
of the i)eniusula, but also far beyond its limits, whence 4 continuous 
pilgrimage was kept up. Hundreds and thousands joined in pious pro- 
cessions from Cuba, Hayti, and Jamaica, as well as from the interior of 
Guatemala, Tabasco, and Chiapas. In order to facilitate such religious 
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national interconrse, terraced and paved highwaj-s were constrncted 
leading ont from Yzauial towani the four cardiDal points. Of theae 
colossal stnictiu^s, many remnants can still be seen in various parts of 
the country, while other portions of them are lying hidden in the almost 
impenetrable woods and wilds, covering at present the main part of the 
sorface of the country. In the very vicinity of Yzamal a considerable 
piece of sucli an ancient road can be examined within the limits of a 
Tillage called "giticum,"* (pronounced Tziticom,) distant two Spanish 
leagues w^st of Yzamal. 

Among the details of our present relic, the head-dress, a mitre in fonn 
of an obtuse cone, with its symbolic adornments, at -once indicates the 
sublime digulty of a sovereign, or, at least, of the supreme dispeuser of 
the nation'i^ laws. The cincture encircling it, together with its triple 
locket or tassel iu front, is the emblem of aniversal power and divine 
perfection, such as was always and invariably attributed to a sovereign 
before monarchism had passed its zenith of popular belief. According 
to the ideas of the ancient nations of this continent, as well asof those 
of the eastern hemisphere, a single band aroand the forehead was the 
badge of a nation's ruler. The mighty kings of aucient Persia, for in- 
stance, wore nothing else, and it was only in after times that ftt>m such 
a simple adornment the golden riug, the diadem, or crown, originated. 
Among the numerals the sacred three has ever been considered the mark 
of perfection, and was therefore exclusively ascribed to the ^Supreme 
Deity, or to its earthly representive — a king, emi>eror, or any sovereign, 
who, allegorically, stood between God and the nation, and was generally 
beliered to be a descendant of the former. For this reason triple em- 
blems of various shapes and applications are found on sundry objects of 
royal adornment, but esiwclally on such as belts, neckties, or auy encir- 
cling fixture, as can be most frequently observed onthe works of ancient 
art in Yucatan, Guatemala, Chiapas, Mexico, &c., whenever the object 
has reference to divine supremacy. 

Behind and on both sides from under the mitre, a short veil falls 
upon the shoulders so as to protect the back of the head and the neck. 
This particular appendage vividly calls to mind the same feature in the 
symbolic adornments of Egyptian or Hindoo priests, and even those ot 
the Hebrew hierarchy. Among the many fragments of ancient sculp- 
ture and architecture strewing the extensive area of Mayapan, at one 
time the metrojiolis of Maya empire, several heads of the same appear- 
ance, and adorned in the same way, occur, though varying a little in 
some unessential particulars. The same is the case with sculptured 
heads found at the celebrated Uxmal, (pronounced Ushmal.) A mitre, 
in shape exactly like those here referred to, also marks one of the resting 
stations of the Aztec migmtion, as can be seen on the Historic-Hiero- 
glyphic Table, which, as a valnable relic of that interesting nation, is 
preser\'ed in the national museum in the city of Mexico. 

Apparently more difficult to understand in our Yzamal work of art 
q^ems to be what is fixed in place of the ears, together with the adorn- 
ments filling up the space on both sides of the he^ul. To decipher these 
enigmatic delineations, we have, besides the direct explanations of the 
older commentators of Mexican history, and especially those of Clavi- 
gero, the general character of similar mythographical representations 
of other ancient and modern nations of this cuntineut as well as those 
of Asia, which all exhibit the strictest similarity if not cougruency, even 
in detail, if idiographically compared. 

Bh in thp_MayA firaii: 
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Among the ancients of Mexico and Peru it was considered a princi- 
pal requisite for a sovereign, or even a lord of lesser iK>wer3, that he 
should never fail at any time to first receive the high conimands of 
Heaven, which with all theocratic nations formed the base of all secn- 
larlaw andjustice. Itwas likewise indispensable for him to listen impar- 
tially to the supplications of those whose destinies Providence had 
placed in his hands. Without the moat scrupnlous observance of such 
sacred duties no monarch or lord could rightfully and for any length of 
time enjoy the high prerogatives of bis exalted station. The history of 
the Toltecs and Aztecs, like that of the Mayas in Yucatan, records sev- 
ernl examples of xecklesa monarchs and transgressing rulers, against 
whom an indignant nation rose up in the defense of the outraged laws. 
Such revolutionary movements terminated, almost without an exception, 
in the loss of crown and lite by the accusetl, and in most cases with an 
entire breaking up of the empire itself. The Toltecs on such an' occa- 
sion lost their whole prestige iu the valley of Mexico. Tlie Mayas, their 
immediate descendants in Yucatan, repeated the same twice. Here the 
first enactment of poimlar wrath eniled with the destruction of the 
realm of Chichen Itza, the oldest iu that peninsula. The licentiousness 
and profligacy of two brothers ruling at the same time, under a sort of 
duumvirate, was the cause of the uprising of the nations which cost 
the two piinces their lives and the supremacy of tliat realm. In a 
similar way the kingdom of Maya{>au, the then center of AInya glory 
under the dynasty of the " Cocomes," came to its end by a twenty years' 
war, the cause of wliich was the most insulting neglect of the nation's 
laws on the port of the rulers of Mayapan, while all the other con- 
federate powers, and especially those of the kingdom of ITxmal had risen 
to satisfy the offended i»eople. The destruction of Mayapan, a large 
fortified city of nearly three S^tanish leagues in circumference, took place 
about a hundred years before the first Spanish invasion of Yucatan. 

Deaf to the sacred word of the law and deaf to the prayers of the suf 
fering subjects, these supreme lords of the nation, forgetfnl of their ob- 
ligations, tbrfeited crown and life, and their defections, like an untied 
knot, necessarily weakened the very foundation of the whole political 
struotnre. It is, therefore, but natural if the contemplative mind of those 
ancient nations, in their ever apparent symbolism, laid such stress ut>oo 
tile hearing organ of their rulers. 

The ideological view of this particular, confessedly so taken by the 
Peruvian, Mexican, and Maya, may also explain the singular customs 
among the former, where the Inciis and the high nobility used to arti- 
ficially enlarge their ears by wearing in them from early boyhood heavy 
gold rings and other triukets. The extraordinary size of the external 
hearing organs, by themselves so much appreciated as a mark of high 
distinction, did not fail to bring them into ridicule with the Spanish 
conquerors, who nicknamed them ^'Orejoaes^ — that is, "Big ears." 

Whether or not the Mayas ever extended symbolism to such a degree 
as to subject parts of the living body to a similar official disfiguring is 
not known ; but a hyperbolic shaping of the ears or other members of 
the body on the persons of high distinction can be frequently observed 
throughout the representations of their graphic arts, and our present 
relic furnishes an unmistakable example of it. 

Here two orbicular plates with perforated center take the plaee of the 
ears. Four knobs in high-relief, probably with reference to the four 
cardinal points, divide these rin^ or perhaps wheels, into so many 
equal quadrants. Rings and wheels signify among the glyphlcs of the 
Aztecs and Toltecs, and consequently also of the Maya^ the apace of 
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one year, as can be seen everywhere on their calendar or monumental 
slabs. If made tetramerons, as are the present oncM, tliey may have 
particular reference to their quaiiriennial cycle, called by them Katun, 
and may serve here as a symbol of spaoe and time combined. The ex- 
act coniiectiou of thought between sign and the ear of a ruler can only 
be suggested. 

Leaving theorizing to the reader, it may be well to call attention to 
similar ideographies which were used in ancient Asia and Europe. The 
Greek, for instance, attributed to Saturnus and Kronos a wheel as a 
symbol. The name of the latter as well as his attributes clearly have 
reference to time. Both Kronos and Baturnus ai'e, again, identical 
with Krodo and Sntar, of the heathenish Saxons, who combined with 
these personifications the sEinie ideas as did tlie Greeks, who received 
the elements of their theogony from that of older Asiatic nations. 
Krodo, like Kronos, was represented with a wheel. The Greek also asso- 
ciated iSaturnns, as the judging nder in the realm of death, with Neme- 
sis, Adrastea, as his consort. Various representations of the ancient 
Orient show both tliese personifications — that is, Saturnus holding the 
scale of Kemesis, an<l she having bis wheel at her feet. 

Though a direct idiosyncratic correlation between Asiatic and Ameri- 
can symbolism cannot be proved here, the example may at least be 
accepted as one of those numberless instances which comparative eth- 
nography should never overlook. 

The two loopknots affixed, one above the right and the other below 
the lett ear, are again the symbols of pledge or obligation, and may here 
indicate tlie bearer's duty to receive the grace from above and listen to 
the prayers of the afflicted below. 

The divei'sely-shaped corves filling np the space to both sides of the 
bead represent, according to Glavigero's direct statements made else- 
where, tbe prayers and iuvooitions of the devot«d. They curl np like 
smoke and incense while seeking entrance to the ears of the paternal 
monarch, such as history and tradition represent Ytzamatul to have 
been. 

In tbe earliest records of the Maya nation, in regard to the realm of 
Yzanml, no other rnler of such a sublime nature is mentioned, though it 
seems that in various epochs other sections of this widely-extended theo> 
cratic confederacy severally claim such primordial legislators, more or 
less modified in name and form, bnt all said to have been gods or demi- 
gods. Tbn9,Chichen Itza had her Zamnli,Mayapan her Cuculcau, which 
latter seems to have been of still higher rank, and is, in form and 
nature, the Maya equivalent for the Mexican Quetzalcoatl. 

Tbe mythical halo surrounding the historical record of Ytzamatul 
eeems to have so mnch overshadowed the memory of his successors in 
office that it would be rather hazardous to connect tbe image on the 
wall with any other pei'sonage but with that first ruler and legislator of 
Yzamal, or, better, Ytzmal, as it was called before this name washis- 
panized by the European conquerors. 

There can be but little risk in referring the " Cara gigantesca " in its 
colossal size to a repreeentation of the one who, according to his people's 
belief, '^Receives and possesaes the grace," as the name of Ytzamatiil is 
said to signify. 
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FORESTS AND THEIR CLIMATIC INFLUENCE. 



Br &L BscquERBL, Membrr qfthe Fitneh ItuUMe. 



[Tianslated for the Smithsanian InstitatioD.*] 
FORESTS CONSIDERED IN A CLQtA.TOLOQICAL POINT OP TISW. 

Forests exercise several kinds of ioSiieiice over climnte ; but, to appre- 
ciate them properly, it is necessary to defiue what we uuderstand by 
climate. 

Tbe climate of a couatry, according to Humboldt, is the union of the 
phenomena, whether calorific, aqueous, luminous, aerial, electrical, &&, 
which impress on that country a definite meteorological character, dif- 
ferent from that of another country situated under the same latitude 
and placed in the same geological conditions. Accordiugly as one of 
these pheuomeua predominates, the climate is said to be warm, cold, or 
temperate, dry or humid, calm or variable. Heat, however, is regarded 
as exerting the greatest influence; after this follow the quantities of 
water which fall in diUerent seasons of the year, the humidity or dry- 
ness of the air, the prevaihug winds, the number and distribution of 
storms in the course of the year ; the serenity or nebulosity of the air ; 
the nature of the soil and that of the vegetation which covers it, accord- 
ingly as this is spontaneous or the result of culture. 

1. What is the part which forests fulfill as a shelter against the winds 
or in retarding the evaporation of the rain-water! 2. What is the 
influence of trees ou the water imbibed by the roots and on that which 
exudes by the leaves, as modifying the Uygrometrie state of the ambient 
air ! 3. How do they modify the calorific state of a country f 4. Do 
forests exert an influence on the quantity of water wtiich falls, and on 
the distribution of rains in the course of the year, as well as on the 
system of ruuuing waters and those of springs 1 5, Uowdo they inter- 
vene for the preservation of mountains and of slopes 1 6. Do Ibrests 
serve to withdraw from storm-clouds their electricity', and thus to mod- 
erate their effect on neighboring and unwoodcd regions T 7. What is 
the nature of the influence which they are capable of exerting aa regards 
the public hcultht 

From this series of questions it will be seen how much caution is to 
be observed before we pronounce on the influence which the dUfboacation 
or clearing away of the forests of a country may exert on its climat«. 
It is necessai-y, first, to know the geographical position, the geological 
constitution of that country, its latitude, its proximity to or remoteness 
from the sea, the nature of its soil and that of its subsoil, according as 
one or the other is permeable or impermeable, siliceous, calcareous, or 
argillaceous — elements which must all bo taken into consideratioiL 
These questions, with the exception of a few, not being susceptible of 
solution a priori, exact, of course, a special examination and experi- 
meutal study, without which we incur the risk of proiiouncing an opin- 
ion not in accordance with that of one who may have considereil the 

* From tho Allot Mitdorvlogiqu^ it KMenatoiTt Imperial. Folio, Puis, 1867.* 
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SDbject from a different point of view, or embraced but a jpart of tho 
question. Let us adduce the proofs : 

The action of forests on tJie climate of a country is very complex, for 
it further depends, first, on their extent, their elevation, the nature of 
tbe Boil, and of the subsoil ; ftecoud, on their orientation or direction 
witli regard to the winds, whether warm or cold, dry or hniuid ; third, 
on the age at which they are cut, on their species, that is to say, whether 
the leaves be caducous or persistent, seeing that the radiating and ex- 
halant properties are not the same at all seasons ; fonrtli, ou the season 
of rain, whether in summer, autumn, or winter; fifth, on the proximity 
of pestilential marshes, &c. 

Whatever be the action exerted by a forest, it will of course bear a 
relation to its extent, for a tree or gronp of trees does not act like a 
large mass ; a single tree indicates, by the shade which it throws on the 
surrounding soil, that its presence is injurious to the cultnre of planta 
to a distance which depends ou its beig!it; the loftier the forests, the 
greater the extent of the shade ; the shade deiicnds only on the skirt of 
the forest, and to a'ct^rtain degree on the density of that skirt. 

The height of the trees, if the tbrest has a certain density, may be 
an obstacle to the wind, according to their position in regard to the di- 
rection of the latter. It is well umlerstood that forests principally act 
as a shelter only in relation to the lower winds ; the obliquity of these 
is to be biken into consideration, as will be seen hereafter ; the di'pth 
of the forest supplies to a certain extent the compactness in which it 
may be deficient. This action will be develope<l further on. The nature 
of the soil claims consideration according to the proiwrtions of clay, 
lime, and silex which enter into its composition. In the case of dif- 
ferent combinations of these constituents the effects are quite different, 
much depending also on the circumstance whether the subsoil be por- 
vions or impervious. All soils, as is well known, may be reduced to the 
four following divisions : 

PnrviniKi anil i '■ PervioiS Sllwoil ; 

rervioas 8011 ., j 2. Impervioua subsoiL 

TinnnFvinna Rf>!1 } ^- Pervious snbsoU ; 

ImperviOM soil J4 Impervious BubaoiL 

The roots of trees, by penetrating into the soil and subsoil, separate 
the particles and thus facilitate the escape of the surface waters: the 
older the trees and the more ancient the preserves, the more deeply do 
their roots penetrate, and the greater the facility consequently with 
which the waters traverse the subsoil. 

Let us examine the effects of the fonr kinds of soil above enumerated 
on the vegetation of tbrest trees. First case. With a pervious soil and 
pervious subsoil the waters never stagnate, be the soil wooded or not. 
Second case. With a [lervious soil and impervious subsoil, stagnation of 
the waters takes place when the soil is not wooded — of this Brenne and 
Sologne are examples ; if it be wooded and the subsoil have not too 
great a deptli, the waters readily percolate by help of the roots which 
traverse it ; in the contrary case they remain stagnant. Third caxe. The 
soil impervious, the subsoil pervious ; this soil suits only certain species 
other than the oak. Fourth case. Soil and subsoil impervious : with this 
soil forest culture agrees least of all ; yet are there certain species which 
can live and develop themselves therein. The roots of trees, therefore, 
by making their way into the soil, ftilflU an important part in the distri- 
bution of the waters of a country. MM. Gras and Alphouse Surel, 
'from numerous observations made in the higher Alps, explain as fbU 
lows the effect produced by forests situated on the sides of, moimttuns. 

L.ooq\c 
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^ When a sloping sorface ia overran by vegetation, first by low plants, 
then by trees, the roots entwine with one another and form a net^worfc, 
which gives consistency to the soil | while tlie brandies, furnished with 
t.beir leaves, protect it fi^m the violence of rain-storms. The trunks, 
with the offshoots and bmBh-wood which surround them, multiply 
points of resistance to the corrents which would otherwise furrow the 
earth. The effect of vegetation, therefore, is to give more solidity to 
the aoil, and to distribute the waters over the whole surface. The soil, 
being divided by the roots and covered with a spongy humus, absorbs 
a pHrt of the waters which cease to flow over the declivities. It is thus 
that the woods act as a shelter against the force of rains in mounteinous 
^ countries. 

The action of forests as a shelter in regard to winds is not absolntfi; 
for the effects depend on the height to which the wind blows. If this 
height docs not attain that of the forest, the wind is arrested at every 
moment by the trees; loses its velocity; and^ if the forest has a sufBcient 
density, will have wholly ceased by the time it reaches its limit. When it 
blows to a height greater than that of the trees of theTorest, the latter has 
no action except on the lower stratum of the current of air, unless its 
direction be inclined ; above the forest, the upper mass of air which has 
encountered no obstacle, and which has a horizontal direction, continues 
with the same velocity. The action, then, of a forest as a shelter, is 
limited. 

Forests may act in still two other ways: when they happen to lie in 
the direction of a violent current of air, at a maximum of saturation 
with vapor, a part penetrates into the ma^, the other part Is dispersed 
in all directions by the obstacle presented to its passage ; the portion 
which rises, if it encounters a colder stratum of air, yields its vapor to 
precipitation, and a fall of rain ensues. Again, when a current of hnmid 
air charged with pestilential miasms penetrates into a forest of a certain 
extent, it is altogether divested of them. It has been observed in the 
Poiitiue marshes that the iuteri)osition of a screen of trees preserves all 
that is behind it, while uncovered tracts are exjiosed to fevers. The trees, 
therefore, sift the infected air by removing its miasms. This fact has 
been reported by M. Bigaud de Lille, in his work on meXaria. 

M. Hardy, director of the government nurseries at Algiers, has 
announced (acts which clearly show the influence that trees may exer- 
cise as a shelter. There exist in Algiers three groups of fmtescent or 
shrubby plants ; the first being formed of trees with caducous leaves, 
poplars, alders, &c., which grow in ravines and on the banks of streams; 
the second comprising the agave, the cactus, the palms, &c. ; the third 
consisting of vegetable species with persistent leaves, such as the olive, 
the carob, the wild laurel, &c. M. Hardy has remarked that the trees 
of the first group which are indigenous grow rather in breadth than in 
height, and that they constantly present* a large and flattened top; if 
Bome species happen to attain considerable altitude under the most 
favorable conditions for their development, they are observed to grow 
with vigor for some time, but arrived at the height of the trees of the 
country, the top becomes dry and the branches then extend themselves 
horizontally. Effects of this kind are to be seen in the poplars planted 
at Bouffarich, in the center of the plain of Mitidja, under conditions of 
hnmidity of soil which leave nothing to be desired for this species, and 
yet these trees are incapable of surpassing the height of from 10 to 
12 metres, (33 to 39 feet.) There are tbund, it is true, specimens which 
rise higher and still seem not to snffer at the top, but these are situated 
at the base of a steep hill whose crest is much more lofty tlitui the 
trees. C.OO'^lc 
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This inability of the vegetation to rise beyond a certain height^ -which 
is far from being that at which the tops of sach trees ordinarily stop, 
evidently proves that there exists, at a greater or leas elevation^ a stra- 
tum of air in which development in height is impossible. This eflfect 
mast be attributed to the air current of the desert, which is warm and 
dry; all trees which grow in AJgeria are subject to its influence. The 
trees of the third gi-oop, the cypresses, the cedars, &e., which brave 
this influence, rise to a very considerable height 

The principles above set forth saEBce to show the part which for- 
ests may play as a shelter, and within what limits they act. We are 
naturally led to examine the valne of the contradictory opinions re- 
specting the eflects of their reroovalj enunciated by Arago and Gay- 
Lussac, in the commission appointed in 1836 to consider the expediency 
of adopting article 219 of the forest code. " If the screen of forests on 
the maritime border of Normandy or Brittany," said M. Arago, " were 
levelled, these countries would become accessible to the west winds, 
the temperate winds coming from the sea. Hence there would be a 
diminution in the cold of the winters. If a similar forest were cleared 
away on the eastern frontier of' France, the glacial wind of the east 
would there be more powerfully propagated, and the winters would be 
more rigorous : the destruction of a screen of this sort in the one and the 
other situation would, therefore, have produced effects diametrically op- 
posite." 

In principle M. Arago was right, but not absolutely, for the effects de- 
pend on the locality where the forests are situated, on their altitude, 
and on various other causes. 

M. Gay-Lussac used very difiierent language : '*In my opinion," he 
said, " no positive proof has thus far been obtained that woods have of 
themselves any real influence on the climate of a large country or of a 
particular locality, and especially that they have a different influence 
from that of all kinds of vegetation. It might be asked if the evapora- 
tion of water is the same ou a naked soil and one covered with vegeta- 
tion. The (juestions are so complicated when considered under a cli- 
matic point of view, that the solution is very difHcuIt, not to say im- 
possible. Another advantage in wooded soils which 1 do not dispute, 
is to promote the abundance of springs of water. And all, in fact, that 
tends to arrest the flow of rain-water and to enable it to infiltrate slowly 
into the earth, instead of passing off in torrents, is favorable to such 
springs. But once more, this advantage attributed to woods is pos- 
sessed, in perhaps the highest degree, by a herbaceous vegetation ; 
the close and numerous blades, the comose and interlaced roots, com- 
pose a thick and spongy mass which admirably intercepts the move- 
ment of the water, retains it, and yields it up by. little and little." 

On the other hand, M. Beugnot, reporter for the commission named 
in 1851 to revise, as far as was needful, the forest code in matters re- 
lating to clearings, denied, though with less authoritativeness than 
MM. Gay-Lussiic and Arago, the influence exercised by great masses of 
wood on the climate of a country. In his report he remarks : " The de- 
partments of La Loire-Inf^rieure, La Manche, Le Pas de Calais, Le Nord, 
La Somme, Le Maine-et- Loire, are among those which are least wooded. 
Is the climate less salubrious than that of the Laudes, of the Gi- 
ronde, of Loiret', of Cher, and Loiret-Cher, which are among the most 
densely wooded?" "We arrive," he adds, "at the same conclusion, ou 
comparing together the different conntries of Europe: consequently 
the clearing away of woods is in nowise injnrious to the salubrity of 
the country." 
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LesB proof it would be impossible to bring to the solntfon of a qnestioD. 
We shEill proceed to disciWBeach of tfaese opioioDsi notcotitentiDgoar- 
seWes, like their anthoru, with adbering to generalities, bat by a resort 
to facts and experiments, the sole means of arrirBig at a solution. 

M. Arago was right in saying that forests served as a sheher against 
winds, but he did not say within what limits, and yet therein, as we shall 
show, lies the whole question. The Alps, by reason of their sitnatioa 
and height, protect certain parts of the coast of the Mediterranean, es- 
pecially those about Nice and Hyerea, from the cold winds of the north. 
The same chain of inountaius renders exceptional also the climate of 
Lake Maggiore, Lake Como, and the neighboring districts. Nothing 
like this would occur, at least over so great an extent, if, in place of the 
Alps, which are several thousand metres in height, there were moun- 
tains of an ordinary altitude or mere hills; for, the protected surface, as 
will be seen, depends on the elevation of the mountains. Now, the ac- 
tion of forests, composed of the loftiest trees, having at most a height 
" of from 30 to 40 metres, (100 to 130 feet,) cannot be difl'ereut from that of 
simple hills. Their mass supplies in this case the compactness in 
which they are defective. 

"In the plains of Orange," says M. Gasparin, {Traits d'Agriculturef t. 
1, p. 19(!,) " the north wind which passes over the mountains of Dauphin^ 
strikes the earth at an angle of about 15<^ ; whence it follows that a height 
of 200 metres (656 feet) protects a space of 2,100 metres (7,087 feet,) a 
border always reserved lor the most valuable crops, and such as most 
shun the cold. Under the influence of such a shelter, the mean tem- 
perature of the year is raised by more than 1° ; whence it is that the 
orange tree flourishes in the open grounds at Ollioules and Hyeres, 
while it cannot stand the winters of. Marseilles ; hence, too, the temper- 
ature of the air at the Lakes Como and Garda permits the cultivation 
of the olive, which dares not show itself in the plains of Lombardy." 

We will cite still another example which furnishes an idea of the ex- 
tent which may be protected by a shelter of slight elevation. In the 
valley of the Rhone, where the mwfral frequently blows, a simple hedge 
2 metres in height (7 feet) is capable of protecting a space of 22 metres 
(72 feet) in breadth, a limit which, as M. Gasparin observes, should 
serve as a guide in the discussion. It is by means of such shelters, 
which are greatly multiplied in this valley, that the cultivation of le- 

?'uminous plants is possible, as it could not be without this expedients 
u the open plains of Provence, hedges of still greater height are ob- 
tained by planting thecypressandthelaurel. All thesoshelters, though of 
little elevation, protect large spaces when the lower currents of cold wind 
are horizontal. lu this connection, we should not forget to mention the 
different aspect presented by the two t^es of the Pyrenees ; tiie tract 
on the side of ijpain, which is exposed to the winds of the south, is 
arid, while that which looks toward France is covered with pastures 
of fine vegetation. 

The examples which we have just cited suffice to show that the action 
of forests, even when composed of trees of the tallest growth, is limited 
and cannot consequently extend to an entire country, as is maintained 
by M. Arago. 

31. Gay-Lnssac is still less explicit, for he only propounds questions, 
or gives their solution a prtOrt without proofs in support of it. He asks, 
for example, whether the evaporation of water is the same on a naked 
soil as on one covered with vegetation ; he asserts, on the other hand, 
that the induence attributed to trees upon the system of waters per- 
tains in the highest degree to the herbaceous vegetation. The examin- 
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atioa of these qnestions reqaires that we should take ioto consideration 
the following data: 

3chubler has proved that all earths do not possess the same property 
of imbibition. In 100 parts of earth desiccated to 40° or 60°, the num- 
bers found, for the quantities of water absorbed, are these : 

Siliceous saod 2.'i Pnreelfty 70 

CalcnreonH Baod 29 Fine c^coreous eartli 85 

Barren clay 40 Humns 190 

Calcareous and siliceons sands are the snbstances, therefore, which 
"have least affinity for water, while humus is that which has most. The 
state of division, as will be seen, hns an indueuce on the conditions of 
fine calcareous earth. It is impossible to separate, in the present case, 
the property of imbibition from that of aptitude for desiccation, to 
which regard must be had in evaporation. Experiment proves that 100 
parts of the water of saturated earth lose in four hours, at 130.75 
{57° F.) of temperature: 

Siliceons eand 88.0 ArgiHaceons earth 34.9 

Calcareona Hand 75.9 Pore play 31.9 

Barren clay 52.0 Limo in fine powder 28.15 

Fertile clay 45.7 Humus 20.15 

It will be seen from this that siliceous sand is the substance which 
allows water to escape mo.<it easilj', while humus is that which retains 
it longest. Calcareous snod loses water less easily than silicious sand. 

Wo will further mention the results obtaineil by Mclloni in experi- 
ments relating to the refrigeration undergone by certain substances 
under tbe inHitence of nocturnal radiation, and which should be taken 
into consideration : 



Ratio in the 
effects of ro- 
MgerotioD. 



Plnnts with smooth leaves. . 

SilicoooB sand . 

Vegetnble earth 



Kow, the absorbing power being e()ual to the emissive power, it must 
be admitted that the substances will in the same time acquire beat in 
the same ratio. Such are the elements which enter iuto the solution of 
the qaestion, or rather questions, proposed by M. Gay-Lussac. 

When rain falls on the soil, the upper strata first become saturated, 
then the excess of water passes to tbe lower stratum, which likewise 
becomes saturated until the excess of one stratum completely saturates 
that which is beneath it. When tbe upper stratum becomes dry through 
evaporation in the air, it resumes, from that which is below, what it has 
lost, as (loos tbe latter from the third stratum, until all the water pri- 
mmly absorl)ed is dissipated. As to the evaporation, it is evidently 
less, all else being equal, on a wooded surface than on a merely sodded 
one. 

M. Gasparin {Traitd ^Agriculture, t. II, p. 116) has made experiments 
on the subject we are considering, and finds, ou comparing the evapor- 
ation of a surface of water with that of a surface of earth completely 
saturated, ta tbe month of August, and at a temiierature of 2'6'^ to 2G°, 
(73° to 79° F.,) the following results as the ratios of one to the other. 
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Evaporatio: 
from th 



First dav 

Second ilay.. 
Third day . . . 
Fourtih day . . 
Fifth day.-.. 
Sixth day... 
Seventh day. 



MUlimelTU. 

15.0 

ia.7 

11. T) 
12.0 
11.7 
11.0 



Evaporation, therefore, proceeds rapidly in tlie earth at first, bat, as 
we see, becomes finally very feeble. 

The series of experimeiits we have above reported show that evapor- 
ation must vary considerably with the nature aod pUysieal state of the 
soil, a consideration to which no regard has heretofore been paid ; thns, 
lands covered with low vegetation, or with woods, and whose soil is 
composed of hnmns mixed with sand, lime, or clay, absorb more wat«r 
than those which do not contain humus, and retain it consequently 
k longer than the latter./ The effects vary according to the proportions of 
the different elements which compose tho soil. The inliltrations are 
greater in wooded lands than in sodded, the roots dividing them to a 
greater depth, and thus facilitating the passage of the waters which 
are iiot arrested except by some imi>ervious stratum. The branches of 
trees provided with leaves not only form an obstacle to the eva|Kiration 
of the water resting on the surface, but the leaves are further constantly 
sniTOnndefl by an atmosphere of vat>or proceeding from exhalation, and 
which prevents evaporation, in so far as this exhaled water suffices for 
the saturation of the air; during all this time tho infiltration continues 
in the earth, t^erbaceoas plants, being deficient in mass, do not pro- 
duce the same effect ; in fact, whoever has been in places wooded in 
pwt, and in part covered with sod, must have remarked that, after rain 
and exposure for some time to the sun, the sodded spaces bad become 
dry, while the wooded were still damp. 

Let us speak now of the water taken ap by tho roots, and of tliat 
which is' exhaled' in the air. The roots of trees, as is proved by the 
experiments of Hales, Dutrochet, Mirbel, and M. Cbevreul, draw in a 
great quantity of water charged with the divers elements which go to 
constitute the sap; the surplus of the water is exuded by the leaves, 
and continually maintains in the ambient medium a hnmid atmosphere^ 
The water imbibed proceeds not only from the superficial strata, bnt, 
moreover, itom the more or less deep strata into which the roots pene- 
trate, and which furnish little or no water to herbaceous vegetation; 
these strata are feil by subterranean currents of water otten coming from 
a great distance. Further, this water which existed in the deeper strata, 
being effnsetl into the atmosphere, afterwards &lls as dew, fog, or rain, 
and thus augments the quantity of water which the surface of the soil 
receives even at remote distances. 

The quantity of water imbibed by the roots is such that it is difficult, 
in fiict, to make anything grow near trees. Several causes prevent it. 
The earth which envelopes the roots nearest the surface is often in a 
certain state of desiccation: it loses by degrees its nutritive principles, 
its lime, &c. ; it becomes dense, and, no longer containing aught else 
than clay and sand, acquires compactness, and is tJien more permeable. 

C,oo;;lc 
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It has now been shown, Ist, that tbeie exists a difference between eva- 
poratiuQ on a naked and on a sodded soil ; 2d, that there is such a differ- 
ence also in reganl to a sodded soil and a nootled one, with the advantage 
in fuvor of tbe latter that it better tkcilitates infiltration of tbe water; 
3d, that thR quantity of water imbibed bf tbe roots does not pnrcb tbe 
soil, since, nfter exhalation, it again falls in tbe state of fog, dew, or 
raiu. Desiccation only takes place when the soil is exhausted. 

Jjet us see now to what point the conclusion of M. Beugnot, that the 
clearing away of woods la never prejudicial to salubrity, has its fouuda- 
tion in fact. ' This conclusion is true if the soil is siliceoas or calcareous 
and the subsoil pennenble; but it is not so if both are argillaceous, for 
the roots are no longer present to facilitate iuMtratiun, unless indeed 
drainage is used to remove tbe stagnant water. Of this, Sologne, La 
Breuno, and Dombes are examples. Xor is it true if the woods which 
are removed existed in the proximity of swamps producing pestilential 
miasms, like the Pontine marshes. 

Let us next consider the calorific influence of forests. This influence 
bas bceu established as follows by Humboldt and the meteorologists: 
They screen tbe soil from solar radiation, preserve a greater humidity 
therein, and promote tbe decomposition of the leaves and twigs, which 
are converted into humus; they produce frigoriflc effects through the 
strong aqueous transpiration of the leaves, aud by multiplyiug, throngb 
tbe expansion of tbe branches, the surfaces, which, acquiring heat by 
tbe action of tbe solar radiation, are again chilled by the nocturnal 
radiation. In relation to this latter action, positive experiments demon- 
strate tliat the stratum of air in contact with a prairie or a field covered 
with grass or with leaiy plants is cooled, all else being equal, under tbe 
noctui-ual radiation, to the amount of several degrees, sometimes from 
6° to 70 or 80(100 to 15° F.jbelowtbe temperature of the air atsome metres 
higher up ; while nothing similar takes place on a denuded surface, which 
grows warm or cool according to the nature of the parts composing the 
soil. We will add, however, that, inasmach as the leaves as well as the 
trunk and branches actjuire heat under tlie solar iufiueiice aud preserve 
during the uight a ix>rtion of that beat, this effect must naturally coun- 
terbalance that i-esulting from tbe uoctnmal radiation. Until now, uo 
acconut has been taken of this effect of solar radiation upon trees, 
although it exerts a considerable influence on the temperature of tbe 
air txiyond tbe woods as within them. To explain the calorific influence 
of trees on the temperature of the air, it is necessary, therefore, to join 
to tbe older observatious those which have been more recently made on 
the temperature of the air at different heights in the neighborhood and 
at the i»eriphery of trees. 

Humboldt aud Bonpland, rccnmbent on the grass during the fine 
nights of the tropica in the plain of Venezuela and the lower Orinoco, 
ex|>erienced a humid coolness when the strata of air at a height of 1 or 
2 metres {3 or 7 feet) had a temperature of 20° to 27°, (70o to 80© F.) 
In the equatorial and tropical regions, where the nocturnal radiation 
acts with so much force by reason of the sereuity of the sky, the increase 
of temperature, as we ;tscend, is manifested as in middle latitudes, but 
to a much greater height. Hence, in the equatorial zone, no change is 
observed in tbe vegetation from the level of the sea to the height of 600 
meti-es, (1,969 teet;) and beyond this, even toan altitnde of 1,200 metres, 
(3,937 feet,) we still recognize tbe flora of the tropical zone. 

We can now explain why, under our latitudes, certain jiroducts of 
culture fail in the depressions of the surface aud succeed upon hills, 
26 S r-- J 
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and for what reason vegetables xre overtakeD by frost iu low situations 
and are exempt from its effects at heights a little more elevated. M. 
Martins observed a fact of this kind in tUe Botanic Garden of Moiit- 
pellier: Laurels, figs, olives, nearly all perish in the lower parts of this 
garden, while, under conditions of shelter wholly similar, they are safe 
at an elevation greater by only a few metres. Do we not know aj.so 
that vines planted on the acclivities of hills produce better wine th:)n 
those which grow at the bottom, on account of a more i)erfect maturity F 

Experimenla which we have made with the electric thermometer 
evince quite satisfactorily this remarkable property, that the tempera- 
ture of tlie air rises from l^.SS (4 feet 4 incliea) above the soil to 21"'.:i5 
(CS feet 10 inches) at the summit of a chestnut tree, and probably from 
this summit upward to a certain height whose limit has been tixed by 
M. Martina and other meteorologists ; for the leafy periphery of trees 
must be supposed to act like the soil coveretl witl) low plants, by reason 
of its great absorbing and emissive power. The mean differences 
between the temperatures of the two stations have been verified at the 
Jardin des Plantes, during several years: 

From 1™.:13 to 16 metres IF.4a> 

From 10 luetics to ai^-as (P.5eO; 

clearly showing the intiuence exercised by low plants and the periphery 
of trees on the temperature of the ambient air through the effect of 
calorific radiation. Let us now inquire what the influence of the boily 
of the tree — that is to say, of the ti'unk and branches — may amount to. 
Every body, not excepting tre«3, immersed in air grows warm or cold," 
and partakes consequently, more or less, in the variations of the tem]>f r- 
ature experienced by the ambient medium, the effects produced dei>end- 
iug on the sta,te of the surfaces of the body, on its conducting power, 
and its specific heat. The experiments whose results we are about to 
report, as det^led in several memoirs which we have had occasion to 
present to the academy, (I8Gl-'(>^,) tiimish the clearest proof of the 
above proposition. Some of those results are as follows: 

On examining the variations of temi>erature in the interior of a maple, 
0".4 (1^ inch) iu diameter and situated in a group of other trees, it was 
fouud tiiat, during the months of August, September, and October, the 
mean temi>eratui'es presented no sensible difference with that of the air 
except iu September, although the variations in the tree were iu amount 
very nearly one-half of those of the air. 

The temperature in a tree is far from being the same in all its parts. 
If the leaves and branches promptly assume an equilibrium of tempera- 
ture with the air, not the less proaiptly does the trunk conform there- 
with, and that to it deptli of 0™.l, (4 inches.) The effects are different in 
trees exposed to the solar radiation, according te the proximity or re- 
moteness of objects which absorb and radiate heat : a pliun tree placed 
near a wall, 2 metxes (7 feet) thick, was covered, in the month of July, 
with leaves and fruity the tree was G metres (20 feet) in height, and in 
diameter, 0°'.35, (13 inch.) The difference between the maximum and 
minimum of temi)erature had, for sever.il days, been from 24^ to 25^, 
and the temi>erature at the interior of the tree had ascended to 37^, 
(UU°F.;) such a state of things could not long exist without weakening 
the tree, hence the leaves withered by degrees, the fruit fell off. and 
everything announced tlie approach of death, which took place a montb 
later; thus was produced au effect which gardeners call a heat stroke, 
(coup de ckaieur.) 

We see, therefore, that a tree becomes heated in the air like an inert 
body, and the more rapidly in proportion as its mass has lesa volume 
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and its bark a more considerable absorbing power; so true is this that 
when t!ie tniuk of a plum tree was enveloped to tlie heigUt of 2 metres 
(7 feet) with tin, wliich possesses strong rerteetiiig properties, the tem- 
perature of the air being perceptibly the same as in the precediug fase, 
the difti^rence between the maximum and minimum deseendcd from 
13^.07 to r»o,2. (23° to HP.) It will be seen from thia that the tempera- 
ture had become more uniform in the plnm tree. On removing the en- 
velope, the diftereuce between the maxima and minima increased and 
became what it had been before. 

Metallic envelopes or those of straw diminishing in trees the varia- 
tions of temi>erature and rendering the movementof heat more regu- 
lar, it will readily be conceived that the nature and tliickncss of the 
bark must exert a great inflaence on the calorific state of trees. Ex- 
periments made on the Opuntia and on other plants tend to show that 
the leaves and small branches are i>romptly brongbt into an equilibrium 
of temperature with the ambient air. On comparing the mean temper- 
ature of the air with that of the interior of a chestnnt tree liaving a 
diameter of (P-S, (20 inches,) it has been found that the mean of the 
temi)eratures obser\'e«l in the tree, during a period of thirteen months, 
was superior by (P.3C to that of the air at its surface, and bv (P.83 to 
the temperature of the air at the north and in the shade ; this dificrence 
is owing probably to the fact that the thermometer was placed to the 
north and sheltered from the sun, while the tree was shielded from the 
north winds by a neighlwring building, and was exposed moreover to 
tlie solar radiation. Experiments made on other trees show that the 
principle of equilibrium of temperature Iwtwcen the air and the trees 
shifts with the lapse of more or less time, and so nmch tlie more rapidly 
as the variations in the air are less frequent. In winter and autumn 
the difference is at a minimum, and in spring and summer it is at a maxi- 
mum. The maximum of temperature in the air takes place, acconling 
to the season, between 2 and 3 o'clock in the afternoon, while in 
the tree it occurs after sunset. If regard bo had to the seasons, it will 
be found that it is iu summer especially that the maximum is more 
marked ; it does not occur till about nine o'clock in the evening. 

The heat disengaged in the organs and tissues of plants interposes 
but very feebly as regards their proper temperatur*, which is almost 
wholly of extrinsic derivation ; for its principal cause, we must look to 
the solar radiation and the temperature of the air. The diurnal varia- 
tion of temi)erature in the air is easy to determine, since it is the differ- 
ence between the maximum and minimum of the day. To find this 
variation in a tree is a matter of difficulty, but we may arrive at it, in 
at least an approximate manner, by the following means: 

Observations on temperature were made at Geneva, from 1706 to 1800, 
at the rising and setting of the sun, and at 2 o'clock p. m., in the air to 
the north and in the interior of a chestnut tree 0™,6 (24 inches) iu 
diameter ; the maxima and minima could be obtained by combining the 
temiwratnrcs at 2 o'clock and at the rising and setting of the sun, the 
maximum taking ]>Iace about or after the setting of the sun, as was said 
above, and the minimum about the time of its rising; the difference 
obviously gives the variations within the tree. By discussing the varia- 
tions thus obtained in the air and in the tree, it was seen that, during 
the years 179C, 1797, and 1798, the variations were, on a mean, more than 
five times greater iu the air than in the tree- 
In the observations made at the Jardiu des Plantes, firom December, 
1858, to July, 1859, it was ascertained that the means of the variations 
of temperature in the air and in the tree were in the ratio, of 3<^^to 
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0°.81, that is to say, tbat tliey were 4.7 times greater id the air than in 
the tree, instead of 5M us was realii:ed at Geneva. Thirt difference 
depends evidently on the bad eonductibility of the wood, which does not 
permit the variations of teiniierature in the air to be rapidly transmitted 
into the tree ; it is easy to conceive that variations in the air distiuctly 
' inarl:e«l, but of sliort dnratioii, cannot become ai>i>reciable in the tree. 

The leaves and young branches of trees, and the humbler plants which 
cover the meadows, existing under the same conditions as regards warm- 
ing and cooling, produce the same efiects of radiation ; it is in the boughs 
of a certain bulk and in the trunks, therefore, that we must study the 
influence exerted by the proper temperature of the plant ou the ambient 
temperature. A green stem sliould be considered, in fact, as a body 
covered with an envelope |H>ssessing a great emissive and absorbent 
l>ower, by virtue of which its temperature is lowered or elevated inces- 
santly tfarongh the effect of the radiation into space or of the solar radia- 
tion ; but when the pareuchynintous tissue is re))lace<l by a cortical tissue, 
the ligitutti which is beui<ath being humid and a worse conductor in a 
transverse than longitudinal dtret^ion, the movement of heat is then 
effected very slowly, and brisk changes of temperature are no longer 
observed in the interior as in the ease of the young branches. From the 
above it will be seen that the variations being much less in the stem of 
a tree of a certain volume than in the air, if the tem[>erature of the air 
varies even to a wide extent, but the variations are at the same time of 
brief duration, the caloritic state of the tree is but little afi^ted thereby. 
In the contrary case, the tree Anally assumes an equilibrium of temjiera- 
tiire with the aii". 

E\'ery vegetable has need of a certain degree of heat in order for its 
tissues to perform their functions ; when the temperature rises gradually, 
the parts dilate; the eva]>orjition and circulation of the sap is acceler- 
ated ; the lowering of the temperature produces contrarj- effects. On 
the other hand, alteniatious of heat and cold give a new activity to vege- 
tation ; thus nnder the tropics, the great variations of temperature during 
the day and night, in tbat part of the air which envelops the trees, being 
ec)ually manifested in the interior of the trees, thiB state of things proves 
eminently favorable to the forest vegetation, 

The atmosphere in the source from which all plants derive the heat 
of which they have need in order to germinate, develop themselves, and 
accomplish all the plnwes of their existence. The mean temperature of 
a place, the daily variations and the extremes of the temperature of the 
air, are the calorific elements to be principally taken into consideration 
in the phenomena of vegetable life and in researches relative to the calo- 
rific iutiuencc of forests and of wooils in general upon climate. The 
beat produced in the tissues in which the transformation of the sap ijs 
efleeteddoes not act sensibly on the temperature of vegetables; at least 
it is not appreciable by our instruments; what they jmssess is lK>r- 
I'owed. 

We have ourselves anderiakeu several series of observations on tem- 
I>eratni-e iu different localities, both within the woods and without, to a 
ceitain distance, in order to ascertain the influence which forests exert 
on the mean temperature. The results which we shall obtain will form 
the subject of another memoir. 

It is projwr here to remark that plants possess of themselves the fac- 
ulty of resisting for a certain time an extreme degree of reMgeration 
without suffering organic lesion, as we have ascertained in a series of 
cxtieriments which leave no doubt ou that point. We have been tbut« 
led to believe that thei-e exists in the organization of vegetable3,a canse 
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independent of condnctibility, which strives againsta redaction of tem- 
perature below zero, and preserves them for a certain time from the dis- 
astrous effects of excessive cold. The action varies with the diameter 
of the tree, and probably witli the species to which it pertains. 

In northern regions the temperature of vegetables comjiared with 
that of the air is very remarkable. M. Bonrgeaud, under the Q8th de- 
gree of latitude, at places where the temperature descends in winter 
below the degree of congelation of mercury, that is to say to more than 

— 40°, has subetantiatal the following facts : First. lu the Populut halr 
nami/era and Alnes alba, during eight montlis, firom November, 1857, to 
June. 1858, at 9 o'clock in the morning, the moment at which he sup- 
jMised the temperature to be very nearly a mean, the mean temperatures 
of the air and the tree were the same ; which accords with the observa- 
tions above spoken of, and is in conformity with the principle that the 
temperature of plants unceasingly tends to form an eqailibrinm with 
that of the ambient air, notwithstamling the efficient causes which are 
incessantly in action to increase or diminish it Becond. The monthly 
temperatures presented little differeace in the tree and in the air, al- 
though there were very great differences in the maxima and minima; 
in the month of January, for example, the maxima and minima were in 
tlie air + 6°, (43° F.,) aTid — 340.CO, (— 29© F.,) and in the poplar 
.-2o.a), <28o F.,) and —290.70, (—210 y.) Third. During the eight 
inonths of observation the mean tem]»erature in the soil, at a depth of 
C.OIS (3 feet) and 0".C09, (2 feet.) was twice as high as in the air. 

The thaw takes place ordinarily in May, spring at once commences, 
and soon after summer arrives ; the rapidity of vegetation is such that 
the cereals sown in the month just mentioned are reaped toward the 
end of July; blossoms appear on the poplar when the temperature of 
the air is at + 13°,47 (50° F.) and while the earth still fhjezes at a depth 
of 0».609, (2 feet,) and O^.QVd, (3 feet,.) The leaves display themselves 
in the first days of June, wheu the roots are buried in strata of earth 
where the temperature is still at zero, (32° F. ;) like effects are produced 
when the branches of the vine are introduced into a conservatorj- while 
the stalks and roots are in the ground outside; the buds and even leaves 
begin to be developed when it is freezing externally at 8° and 10° l>elow 
zero, (18° and 14P above zero F.) We have here a new proof of the 
influence of the temperature of the air upon that of trees, showing that, 
even when the roots are in frozen earth, vegetation may proceed under 
that influence. The Populm bahami/era and Abies aWto, as well as other 
species, undergo exposure to a cold of — 40°, without injury to their 
organization, but the roots of these trees are in strata of earth which 
are not sensibly reached by tlie frosts A proof that there is here n cer- 
tain resistance to cold is the fact that the greatest minima of temper- 
ature, being — 34°.CO, { — 29° F.) in the air, were, in the poplar, only 

— 29°. 70, ( — 21° F,) and that the temperature has l>een twice as high 
in the tree as in the air. 

After having stated the relations which have been found to exist 
between the temperature of the air and its variations, as compared with 
those of vegetables, it remains for us to show what temperature of the 
air has been realized above trees of large growth, such as a chestnut 
21".25 (70 feet) in height, at the summit of which had been placed one 
of the solderings of an electric thermometer in contact with the leaves. 
Multiplied observatious have demonstrated that the temperature of the 
air alK)ve the chestnut tree depends chiefly on the calorific state of the 
leaves and branches which warm or cool the Smbient air more or less, 
according as they have been esjKised a longer or shorter tiipe to solar 
radiation, or to noctuma! radiation. ; ,CjiOO<^Ic 
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A ti'ee (trunk, branches, and leaves) mnst, aa has been said above, 
become warmer or cooler, like all bodies immersed in air, according ii8 
the sun is above or below the horiiou. In the first case, it grows warm 
fi-om the effect of the solar radiation ; in the second, it grows cool from 
that of the nocturnal railiatiou, and this process goes on until the tree 
acquires an equilibrinm of temperature with the surrounding medinm. 
"Wlien nocturnal radiation commences, if the sky be without clouds, in 
proportion as the upper branches and leaves become cool, those which 
are underneath yield up their heat in succession to those above tbrongh 
the process of radiation. From this it will readily be conceived that 
the strata of air which envelop the tree retain during a great part of 
the night a temperature higher than that of the strata of air which are 
remote from it. 

A tree which has been warmed by the effect of solar radiation so far 
acts as a body imparting warmth to the air, that, when a rain occurs 
suddenly, the temperature of the air is more lowered at some distance 
from the tree than immediately around its periphery. Of this we will 
cite an exemplification. On the 0th of May, at one o'clock, after a strong 
iusolation or free exx>osure to the sun's rays, the following tempei^tures 
were observed: 

Ti-mperatnre above the chealnnt tree _ 19^.4 (67- F.l 

Temperature at a certain distance 18^ J (6f)- ¥.) 

Difference I'^.I (3- V.) 

Half an hour afterward, a rain fell, and the temperatures changed : 

T(^iii|>eruture abore the chtistnut tree 17^.5 (64- F.) 

Tcuipcrature beyond it IGO.2 ((MN F.) 

Bififcrenw) 2^.3 (4. p.. 

Thus, in the interval of half an hour, the air which surronuded the 
tree had been cooled by only 1^.9, (3° F.,) while that which was a little 
distant from it was cooled to the extent of S'^.l, (ti°F.;) it follows 
that the tree had radiated heat so as to impart warmth to the ambient 
atmosphere. The sun having reappeared after some moments, the 
temperature at both stations rose, but somewhat less above the chert- 
nut tree than at a certain distance from it. These temperatures, at 3 
o'clock, were as follows: 




To give an idea of the warmth imparted to the air through the pres- 
ence of leaves, we will take, for an example, the temi)eratureof theairin 
July, 1863, at 9 o'clock in the morning, and at 3 and 9 o'clock in the 
evening; for the monthly meau the following resnits were obtained: 

At 9 o'clock in tlie morning 21^,50 (71- F.) 

At :t o'clock in tbo evening .' 2a°.76 (80^ F.) 

At i) o'clock in the evening Itf^.ao (67- F.) 

Here we see that the temperature of the air was at its maximum at 3 
o'clock, and that it had diminished by nearly a fourth at 9 in the even- 
ing. The radiatiou of the internal heat of the trunk and branches of 
the tree continued, on the other hand, to i-epair the losses sustained by 
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tbe lenres aubjectecl to tbe iDfiueiiee of tlie iioi-turDal radiation until 6 
oViot^k in tlio morning, wiien t!io temperatiire was fonud to be tlie'saine 
at 1*"^ (4 feet) above tbe soil to tbe north and sontb, at 16 ineti'es (■>{ 
fet't) and at 21'°.2i> (69 feet) on tbe stimuiit of tlie tree. Tltis is tlie 
period of the day when the celestial radiatiou ba^ ceased to be ]n'e])on- 
derant., and when there is au equilibrium between tbe efiects of tbe tei- 
restnal radiation and those of tbe celestial I'adiation. 
In Jnly, 1864, the results obtaiaed wei«: 

At o'clock in the ii;3rniDg ap.04 (70^ l^) 

At 3 o'clock in tho eveninif 2.')" .94 (7t- 1'.) 

At a o'clock in the evening IIP.OO (70- V.) 

The progressive reduction again eontinned till G o'clock in the inoru- 
ing, when the temperature was the same at l^-SS (4 feet) above the soil 
to tbe north and sontli, and also at 10 metres (53 feet) above the soil, 
and was equal to 15^.50, (00° F.) If the months of Januarj-, lS(i3 and 
1184, be taken we have — 

18(>3. 1BG4. 

At o'clock iu the morning _ 4- .57 (40° F.) — 0'-\ft-| ('31'- V.) 

At 3 o'clock in the evening 7^.41 (45= F.) +11- .30 (3H- V.) 

At 9 o'clock in the evening 5-.l:( (41° F.) 0^.00 (:l^ F.) 

At 6 o'clock in the mornioff 3=.l9 (38" F.) —1^.03 (30- F.) 

It is thus seen that, whether we take tbe trees with or without leaves, 
tbe heat acquired during the day dimiuisbes till 6 o'clock iu the morn- 
ing. 

We see now that it may be assumed as au ascertained fact that trees, 
exiKised to the solar and celestial radiation, impart heat or cold to the 
contiguous strata of air, a property which had not previously been sus- 
pected; it was supposed, on the contrary, that the evaporation which 
takes place by means of the leaves was always a soui'ce of refrigeration ; 
this may indeed exert an influene«, but it is not tbe pi'edominaut cause. 
Ibis question, however, will bo resumed iu auotber memoir. 

Tbe experiments above si>okeu of were made on isolated trees, but 
the results have been the same on grou|)3 of trees sheltering one another, 
so as to form an obstacle to tbe direct action of tbe sun; only the ele- 
vation of temperature in the trunk has been found to be less, all I'lse 
being equal, than when the tree was isolated. In fact, foi'ests, coppices, 
and groups of trees must observe the same laws as the single cbestunt 
tree; but the effects of heat, of which we have been speaking, vary ac- 
eordiut; to tbe height of tbe trees, the extent of their branches, and the 
ma.ss of leaves with which they are charged. What consequences 
should be inferretl in relation to the intlueuce exerted by forests on 
the local climatef This question we shall answer on another occasion. 
We shall content ourselves here with saying that it is necessarj- to 
have regard to the nature of the soil, as to whether it be dry or humid, 
to the greater or less facility with which the air circulates, to the ex- 
])osure and other indeterminate causes which varj' according to locali- 
ties. Bnt from the fact that tbe wood, under the influence of the solar 
Ruliation raises the temperature of the ambieut atmosphere, and lowers 
it uuder tbe effects of the uoctnrual radiation, must we not infer that 
the stratum of air which has been heated gives rise during the night to 
a (ionble current; an upper one of warm air and a lower one of cool air 
which descends toward the gronndt It may be that the warm air, 
being driven by lateral currents, has a tendency to ameliorate the tem- 
lieratnre of surrounding parts. 

Under the tropics, and especially under the equator, where the solar 
rays act with the more force as tbey are less inclined, trees must pro- 
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(Ince in a high degree the effects iDdicnted above : effects which the 
Deighljoring strata of air cannot fail to manifest. On the other band, 
the DOcturaal radiation, which is very great nnder a sky almost without 
clouds, must act iwwerfuUy in hastening thw refrigeration of the leaves. 

The following fact is, to a certain point, referable to the heat which 
woods emit wlien they have been wanned by solar radiation. Every 
one knows that at noon of a hot summer day tlie air in dense woods is 
almost of a stifling beat. It is usnal to attribute this effect to the 
absence of currents of air, and that, to a certain extent, may be true; 
but a iMjncnrrent canso of no little efficiency is the fact that, when the 
leaves and branches of trees have for some time been exjwsed to the 
calorific action of the snu's rays, they themselves become foci of heat. 

We have thus explained the sort of inflneuce exerted by tn^es on the 
temperature of the air which surrounds the trunk and branches; yet we 
cannot confidently deduce the conclusioo that the mean temperature of 
the place is further ameliorated by this state of things. To aid us in 
solving this question, it is necessary to consult the observations of tem- 
perature made in wooded and nnwa>oded places, situated under the same 
latitude, baring the same geological conditions, and at the same height 
above the level of the sea. 

Jefferson, in a work translated (1786) by the Abb4 Morellet, drew, 
from observatious made at Williamsbnrg and Monttcello, (Virginia, ] the 
conclusion that, since the clearing away of the forest, a very sensible 
cbauge had taken place in the climate ; the bent, as well as the cold, 
bad become less vehement than before, as was testified by persons of 
no very advanced age. The snows, he says, are less frequent and less 
abundant, often not remaining in the valleys more than two or three 
days, and very rarely a week, while, within the memory of the living, 
tbey are known to have been frequent, deep and durable. Uy old per- 
sons it is stated that the ground was covered with snow three months 
in the year, and that rivers, which now freeze very rarely, were nsually 
congealed every winter. These assertions, it will be seen, are based on 
testimony against which we must be on our guard, for it may well be 
that years of extraordinary inclemency were taken for those of an 
average temiierature. Let us turn to observations which inspire more 
confidence, such as those discnsseil by M. Boussiuganlt, and made by 
iS'M. Boussingault himself, Humboldt, Roulin, Kivero, &c., in localities 
comprised between the 11th degree of north latitude and the 5th degree 
of south latitude, where the celestial radiation prevails, during the 
night, in alt its fbrce. 

The mean temperatare, by reason of the slight variations in the 
course of the year, is immediately given by that which is i)resented by 
the earth, in the shade, at 3 decimetres (1 foot) below the surface. Ob- 
servations show that the temperature of the torrid zone varies from 
260.5 (80° F.) to 280.4, (83° F.,) aud that the abundance of forests and 
humidity tend to the refrigenition of the climate, while drj iie^is and 
aridity produce contrary effects. These eftects have been observed at 
different heights on the Cordilleras, where we find the mean temperu- 
tures of temperate regions. It baa been asked whether this is the case 
in localities wooded and denuded of wood, situated beyond the tropicus 
where the mean temi>erature8 being the same, the meansof summer and 
winter are different! Xo observation has yet been made as to this itoiut. 

Observations subsequent to the preceding tend to show, on the con- 
trary, that <lisboscation on a great scale does not sensibly change the 
mean temperature. Humboldt has collated a great number of thermo- 
metrie observatious made at different points of North Anjerica, in order 
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to ascertain if the mean temperature had undergone changes after a con- 
siderable lapse of years. For about sixty -three years, from 1771 to 18;f4, 
he tells us, thenaometric observations had been maintained at thirty- 
five military posts, so that we hare far more exsct ideas on the climate 
of Xortli America than existed in the times of Jefforson, Bartou and 
Volney. 

These stations were distributed over a space of 40° of lougitnde and 
extended from the point of Florida and Thompson's Island, under 2-t° 
So' of latitude, to Council Bluffs, on the Missonri. On discussing the 
observations communicated to him, Humboldt arrives at the following 
conclusions: 

These observations, he says, tend to demonstrate, contrary to an 
opinion quite generally adopted, that, since the first establishment of 
Europeans in Pennsylvania and Virginia, the climate, on eitlier side of 
tlie Alleghanies, has not, in consequence of the destruction of numbers 
of forests, become more nnifomi, more mild in winter and cool in sum- 
mer, than it was before; nevertheless, as Humboldt himself nckoonl- 
eilj^es, denudation ought to ameliorate the mean temperature by effect- 
ing the disappearance of three frigorific causes ; first, the protection of 
the groimd from the solar radiation and the maintenance of a greater 
humidity; secondly, the production of aqaeous transpiration by tlio 
leaves; thirdly, the multiplication by the expanded branches of the 
surfaces which are cooled through the effect of nocturnal radiation. M. 
Bonsaingault, as we have previously seen, has arrived at contrary con- 
(.fusions, indicating that the abundance of forests and the humidity 
thence resulting tend to render the climate cooler, and that dryness or 
aridity produces an opposite effect. 

It might be, however, that, the menu temperature remaining the same, 
the distribution of heat in the course of the year may be changed, an<i 
that thus the climate may have been modified; but it will not suffice to 
invoke the authority of documents i-elatiug to cultivation at the present 
time, for these documents will not bear a serious examination, as we 
have showu in our treatise on climates. 

Still, it is possible that a step in advance may be made by talcing into 
consideration observations which have thus far not received dne atten- 
tion. The observations rcganling temperaturo which we have made in 
tlie interior of single trees and at the periphery of their branches show, 
as lias been already said, that trees are affected like all bodies exposed 
or unexposed to solar radiation; that is to say, that they arc heated or 
chilled according to their absorbent, refiecting, and conductiitg i>owers. 
These observations evince, moreover, that their calorific state depen<ls 
in great jiart on the solar action. What can we thence iiiler in relation 
to the iudnence of trees on tlie temperature of the air and the changes 
which that temperature undergoes as the effect of denudation f These 
changes result not only from the cause of which we have been speaking, 
but further, we repeat, from the nature of the soil, accoiding as it is dry 
or humid, calcareous, sandj', or argillaceous. Let us analyze the effects 
whicii may thus be produced. 

We will first consider a wooded soil : The trees, as has been just stated, 
become heated or cool ; but what results from this when the soil is diy 
and when it is hnmidi If the former, it will bo without influence; if it 
is humid, the evaporation of water will maintain a constant humidity, 
the degree of which will depend on the temperaturo which the trees have 
acquirod and which will be independent of that resulting from the exu- 
dation by the leaves. The hnmidity caused by trees, when other things 
are equal, will be greater in wooded countries with an argillaceous 
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foaniLition wbich retains the water, because the roots do uot [lierce the 
subsoil or do so with difficulty, than iu sandy formations wbich favor 
the iiitiltratiou of water. In the latter case, the humidity procet'ds 
solely ii-om the transpiration of the leaves. 

Wliat occurs when a country is cleai'wl of its woods, supponiDg the 
soil either jwrvious or imi>erviou8? The effects wbicii result dei»eud on 
the composition of the soil and ou its absorbeiit, radiating, iiud coudiict- 
iiig powers. Of these an idea may be formed from the researches of 
Sebnbler. Commencing with the calefaction of lauds exi>osed to the 
sun, tlie following are the relations which are found to exist between 
difi'crent soils: 



l5csignatioD of earths. 



Muximaniteiiipcratnroof tUinp- 
pvratuiu of tLu air iKiug lixK. 




8iUcc«ussaiii1, yollowish gray . 
Calcareous sauil, nhitish gray 

Pure gynsum 

Poor vellowUh clay 

Fori ifc clay 

AVhit« calcanioui) rartli 

Gmyisli-l>ltii-k liuinns 

GrayisU-blatk ganluu mold 



It will be seen that color and honiidity are the causes which exert the 
greatest influence. The ditTereuces of temperature due to these causes 
and that of the ambient air may, for the same soil, amount to 14° or IS^. 

If we pass to the caipacity of retaining heat, it will be ibund that all 
else being equal, the siliceons and calcareous sands, compareil in erjuat 
volumes with the difTerent argillaceous earths, with lime finely commi- 
nuted, with bumns, with arable and garden earths, are the soils which 
conductlieat more imperfectly. This is the reason why sandy formations, 
iu summer, preserve, even tluring the night, an elevated temi>eratitre. 
"We nniy conclude from this that when a sandy tract is cleared of w-oo<l 
tfae loc:il tempeniture must be raised, and with the greater reason, iuas- 
luncb as the cause of reftigeration exists no longer. After the snnd.s (;ome 
in succession argillaceous, arable and garden soils, and tinally htimus, 
which occupies the last rank. Kepresenting by 100° the capacity wliieli 
calcareous saud i>ossesscs of retaiuiug beat, the tbtlowing are the ratios 
obser\'eil: 

Calcareous kiih] lOU 

SilicpoiM baiiil , , 9^. fi 

ArgilWcoiuiL-arth _ ft-'. 4 

ilanleu MR I'i4. ■* 

Httuias 4'J.t) 

It has been further established that the capacity of retaining heat is 
pro|H>rtioual to the bulk of the particles. Xt is on this account that 
land covered with siliceous stones gi'ows cool more slowly than silieeutis 
sand, and that jx'bbly soils are bett4.'r adapteil for maturing the grajie 
than chalky aiul argillaceons f'ormatious which cool rapidlj-. From ibis 

;i,Googlc 



FORESTS Ai'D THEIK CLIUATIC IKFLUESCE. 411 

it !i)>|>ears bow important it is, in the oxamiimtioii of the calorific effects 
resultiiift fitim dii4l>oscatioii, to liave rejnird to tlie physical properties of 
tlie suil, wben it is once Ueunded. Here probably is to be lonml tlie 
rea.soii wby tUi; coiicinsions wliicli Hiiinboldt bas drawn from tbe tlier- 
luoinetric observations made ut stations in North America, no atteuiioii 
Iiurin^T been paid to the nature of tbe soil of the denuded surface, are 
not tbe same witb those at which M. Boussingault has arrived by takiut; 
tbat condition int^ consideration. 

It bas bean competently proved, tlieu, tbat the disboscation of a soil 
formed of a siliceous, pebbly sand, most mise the mean teniperatui-e of 
the air more than any other formation, at the same time tbat it causes 
tlie disa]i[>eaninco of a source of humidity: while, if the soil is argilla- 
eetnis, whether dry or humid, the capacity of warmin;; the air aiid re- 
taining heat is, relatively to tlie former, in the ratio of 08,4 to 1(H>. 
Tlie ealorilic effect must be considerably less from tlie denudation of a 
dry fonnatiou. 

We see now bi what manner we should consider the infinencc of disbos- 
cation ou the temperature of the air. The effects, however, are so com- 
plex that we can only determine tbe resultant by the help of diurnal 
obseriatious of temiwmture; it is ueceasaiy besides to collate tbe max- 
imum and minimum temperatures, which play a very important part in 
tbe eonstitntiou of climates, and to have regard to the nature of the soil. 
We shall resume this question on an early occasion. 

Tbe following illustration is of a nature to give an idea of the influ- 
ence which forests may exert on tbe climate of a vast region. The 
presence of extensive forests in the tropical portions of tbe African con- 
tinent, situated under the meridians of the western part of Europe, 
would probably modify tbe ascending current of warm air v>-bieh at 
present residts fVom the heating of a sandy surface, and wliicli descends 
u|>oii the middle latitudes of £uroi>e. If, in the lai^se of centuries, the 
sands of the Sahara should become covered ^rith woods, these sands 
would not be heated to so high a degree as at the present epoch ; con- 
sequently the winds of the south, which now mollify our chmate, hav- 
ing no longer so high a temperature, would render it mure ri^id. To lie 
satisfied of this it is snfticieut to consider the state of things on the 
American continent, where the tropical regions are oe<;upied by vast 
ibrests, immense savannas, or great waier-coiu-ses ; the descending cur- 
rents of warm air cannot moderate the climate of countries situated iu 
the middle latitudes of North America as much as the warm enrrents 
coming from tbe S:)bara mitigate tbe c^mntries of the eastern conti- 
nent situated under the same latitudes. And here is precisely the rea- 
son why tlie western contiuent, under corresponding latitudes, is colder 
than ours, judging from tbe objects of culture and the course of tho 
isotbei'mal lines iu each. 

Nor does it suflice to study tbe calorific influence of tbe extirpation of 
woods u^ton climate; it is further nccessiirj' to inquire into tbe action 
wiii«rli it exerts on the sources of streams, and tbe physical effects pro- 
duced iu mountainous countries on a denuded soil, as well as those re- 
BiUting from such denudation iu argillaceous and humid formations. 
Another observation we will make, as not being without some impo^^ 
ance: It has been previously seen tbat a tree becomes warm or cool 
like an unorganized body, and that in proi>oitiou as the leaves are cooled 
at night by the ofl'ects of tbe nocturnal radiation, the loss of heat is 
repaii-ed by a nuliation transmitted by tbe trunk and branches ; this 
fitate of tilings, which has not been bitboito noticed by physicists, hin- 
ders tbe air from being chilled as much as if the calorific radiatLou of 



412 FORESTS AND THEIB CLIMATIC ISFLUENCE. 

tlie trees had not takeu place. The inflneiice of woods In cooliDg the 
nir is not as great, therefore, as has been supposed. Tbe state of the 
soil, moreover, singularly modifies that influence. 



The effects of dishoscafion on the sonroes and qnantities of linng 
Trater which irrigate a countrj- are of most important consideration, and 
hence reqnire serions attention. The difficult^ in verifying these effects 
is the greater inasmnch as it is impossible to say, a priori, whether a 
forest or portion of a forest, destined ta be cleare<l away, contributes to 
sup])ly such or such a source, such or such a river. Springs are owing, 
in general, to the infiltrations of rain-water iu a per\'ions formatiou, 
through which this water sinks until it meets with an impervious stra- 
tum, flowing over tbe latter when it is in an inclined position, and event- 
ually rising in streams or fountains. The water of wf^Ils has tbe name 
origin. Large springs are ordinarily found in inouutainons regions. 

Forests also contribute to tlie formation of springs, not only by reason 
of the humidity which they produce, and the obstacles which they oi>- 
pose to the evaporation of the water which falls on the snrface, but fur- 
ther because of the roots of the trees, which, by dividing tbe soil, render 
it more pervious and thus facilitate infiltration. A great number of 
illustrative examples have been cited, but we shall here adduce only a 
few which may be regarded as among the most remarkable. 

Strabo intbrms ns that it was necessary to take great precantions to 
prevent the country of Babylonia from being submerged. The Eu- 
phrates, which begins to swell, he tells us, at the close of spring, when the 
snows uielt on the mountains of Armenia, overflows at the begiuningof 
summer, and would necessarily form vast accumulations of water on the 
cultivated lauds were not thesuperflnxtumed aside bymeansoftrenches 
and canals. This state of things exists no longer. M, Oppert, who 
some years ago traveled through Babylonia, reports that the volume of 
water conveyed by the Euphrates is much less than in past ages, that 
inundations no longer occur, that the canals are dry, the marshes ex- 
hausted by the great heats of summer, and that the country has ceaswl 
to be insalubrious. This retreat of the waters can only be attributed, 
as he found mcaus to satisfy himself, to the clearing away of the forests 
on the mountains of Annenia, 

The effects in question, though denied by some, are not the less in- 
coot«8tible, as is shown by examples which I proceed to report and 
which rest npon observations worthy of entire confidence. 

De Sanssure (Voyage dam les Alpes, t. ii,ch. 10) long ago pointed ont 
the diminution of wat«r in tbe lakes of Switzerland, especially in Lakes 
Morat, Keufcbatel, and Bienne, as a consequence of tlie clearing away 
of the forests. Choiseul Ooufflerwas not able to distinguish in the Troail 
tbe Biver Scamandcr, which was still navigable in the time of Pliny. 
Its bed is now entirely dry ; but the cedars also, which covered Mount 
Ida, whence it took its source, as well as the Simois, exist no longer. 

il, Boussingault, {Annalea de Chlmie et de Pkgmque, t. xiv, p. 113,) 
who studied this subject during bis sojourn in Bolivia, selected as tbe 
subject of Ills observations the lakes situated in the plains or on differ- 
ent steps of the mountains. The valley of Aragua, prorince of Vene- 
zuela, situated at a short distance from tbe coast, has a very favorable 
climate, and is of great fertility. It is closed iu on every aide, the rivers 
which traverse it having no issue toward the ocean; by their union 
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they form the Lake of Tiicarigiia or Vnleiiciana, which, at the time when 
Humboldt saw it, had been undergoing for some thirty years a gradual 
desiccation, the cause of which was unknown. Oviedo, the historian of 
Venezuela in the sixteenth century, relates that the city of Nueva Va- 
lencia was founded in 1555, at the distance of half a league from the 
Lake of Tacarigua, from which, when Humboldt was there in 1800, it 
was distant 2,TU0 toises, (3J miles,) a proof of the retreat of the waters 
contirmed by a number of facts. According to the celebrate^l traveler 
just uame<l, the diminution of the waters was directly attributable to 
the clearing away of numerous forests. 

In 1S22, M. Boussingault learned of the inhabitants that the waters 
of the lake had exhibited a very sensible elevation ; lands which were 
before cultivated were then submerged. It is to be noted that, for the 
term of twenty-two years previous, the valley had been the theater of 
blooily contests during the war of independence ; the i>opalntion had 
been decimated, the lands had remained untitled, and the forests, which 
grow with prodigious rapidity nnder the tropics, had eventually occu- 
])ied a great part of the country. We see here the influence of wooils 
on the quantity of water which flows or settles in a country, since lakes 
which had been exhansted by the removal of forests were again replen- 
ished i)y their restoration. 

M. Boussingault cites several examples which lead to the same con- 
clusion in reganl to the influence exerted by great masses of wood on 
the living waters of a country. We shall quote two of the most remark- 
able, lu 1826, the metalliferous mountains of Marmato presented only 
some miserable cabins inhabited by negro slaves. In 1830, this state 
of things no longer existed ; there were numerous workshops and a 
I>opul3tion of 3,000 inhabitants. It had been found necessary to level 
much wood : the denudation ha<l proceeded but for two yeai-s, and already 
a diminution was perceptible in the volume of water available for the 
labor of the machines. Yet a pluviometer proved to M. Boussingault 
that the quantity of water which had fallen in the second year was 
greater than that which fell during the first. This fact tends to show that 
<tisboscatiou may diminish and occasion the disai)pearance of sources, 
though, from that circumstance, no inference is warranted of the fall of 
a less quantity of rain. The second example is derived from the table- 
lands of New Grenada, at an elevation of from 2,000 to 3,000 metres, 
(6.500 to 0,800 ftet,) where there is a temperature during the whole 
year of 14° to HP, [57° to Clop.) The inhabitants of the village of 
l>ubate, situated near two lakes, which were united sixty years ago, 
have witnessed the gradual subsidence of the waters, insomuch that 
lands which, thirty years since, were under water are now subject to 
culture. The examination of local conditions and other investigations 
made by M. Boussingault, convinced him that this change was due t4>' 
the disappearance of numerous forests which have been cut down. At 
the same time other lakes, such as that of Tota, at a short distance from 
Fufjuen^, situated in localities where the woods have been undisturbe<1, 
have undergone no diminution of their waters. M. Desbassyres de 
Bichemotit has also discovered that there exists in the Island of Ascen- 
Bion, at the foot of a mountain, a fine water source, which became drj* 
in consequence of the denudation of the neighboring heights, but lias 
been restored since the forest wa« again allowed to grow. 

To complete the documents which may serve for the elucidation of 
this question, there are still some important observations to be brought 
forward. M. Bergbaus {Cours d'Affncnlture de M. de Qagparin, t. ii, p. 
1 46) finds that the volume of water in the Oder and the Elbe underwent 
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diminution, from 17T8 to 1835 in the first of tbese rivers, and from 1S28 
to 1830 in tlie second, and tliut this diminution was so sensible that, 
should it proceed nt the same rate, it wonld be necessary at the lapse 
of a certain period to cliange the construction of boats; here, )iowe»-er, 
statistical observations evince that this fact cannot be attributed to the 
extermination of the forests of the mountains. In order to explain it, 
inquiry has been made whether the quantity of rnin falling in the ditterent 
parts of Europe has not nndergone a corresi>onding diminution, but the 
bj'pothesis has not been sustained. In fact, since 1089, during ivhirh 
interval the quantity of rain falling at Paris has been observed, a flight 
augmentation, rather than any diminution, has been verified. CeKitris 
has recognized the same increase for the city of Milan from 1703 to the 
present et)och; and a similar resnlt appears, in regard to Kochelle and 
the basin of the Rhone. The supposition of a diminution of rain l>etng 
hence untenable, it has been surmised that possibly the number of rain- 
falls may have change<I, a conjecture founded on tlie generally admitt«d 
fact that a great rain furnishes more water to the river courses than tiie 
same quantity distributed over several days with intervals of dryness. 
But the discussion of the observations has afforded no confirmation of 
this view. It has been found necessary' to fall back uj>on the changes 
produce«l in climates by the progress of cultivation. 

It may happen, as has sometimes been the case, that concussions of 
the earth dry up the sources of streams, but this is not common. A 
great number of facts demonstrat«, on the other hand, that the diminu- 
tion is often an almost immediate sequence of extensive clearings. We 
would point especially to the instance already cit«d of the water-courses 
of Mnrmato. Nor are there other examples undeserving of a passing 
reference. Tlie Romans were able to bring to Orleans the waters of the 
fountain of Etuv(5e, which at the present time is entirely dried up. Ex- 
tensive excavations, made within a few years, have brought to light the 
foundations of Roman constructions where no source of water any longer 
exists; a stream, moreover, to the east of Orleans, which contribnted 
to the defense of the city during the siege in 1428, and which was con- 
siderable enough to turn mills, has completely disappeareil. Now, on 
that side of Orleans there were great forests, which have been cleared 
away. In consequence of these clearings the wells of the city have 
continued to yield less and less water, so that the municipal adminis- 
tration has been obliged, within a few years, to incur an expense of 
300,000 francs ($G0,000) in order to bring potable water from the source 
of the Loiret. 

lu the canton of Ghatillon-sur-Ivoing there is a commune called Sainte- 
Genevifeve-des-Bois, which woiUd appear to have been once a tract of 
forest, but which presents today only smalt groves scattere<l here and 
there. A stream formerly flowed at the foot of the town where at pres- 
ent exists only its dried bed, never containing water except in winter. 

In discussing the important question of the infiuence of disltoscation 
on water- courses, we arrive at the following conclusions: 1. Extensive 
clearings diminish the quantity of spring or flowing water iu a counti?'; 
2. It cannot yet be determined whether that diminution shonid be attrib- 
nted to the less considerable quantity of rain which falls, or to a greater 
evaporation of the pluvial supply, or to both causes united, or to some 
new distribution of the water derived from rains; 3, The cultivation 
prac'ticed in an arid and denudnl country dissipates a part of the flowing 
waters; 4. In countries which have undergone no changes in cultivation 
the quantity of water iu streams or from sources appears to be always 
the same; 5. Forests, while preserving such waters, economize and reg- 
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tilnte their discbnrge; 6. The buniidity which prevails iiiTroods and the 
function of the roots in making the soil more perrious, should l>e taken 
iu to consideration; 7. The clearing away of forests in mountainous coun- 
tries exercises an indueuce on the streams and springs in the lowlands, 
especially in the latter; 8. Hence the action of forests upon climate in of 
a highly complex nature. 

With the means of secaring salubrity now at our disposal, there is no 
occasion for apprehending unhealtliy swamps as the resnlt of the extir- 
pation of forests. JSor need it be inferred that the denudation of a 
country entails sterility. As examples, England and Spain may be 
cited, which present, the one only 2 i>er 100 of wooded surface, the other 
3.17 i>er 100. The former has a marine climate, marked by the frequent 
prevalence of southwest winds charged with vapor to the jioiut of satu- 
ration, which produces fogs on the least lowering of the temjierature. 
Spain has not a similar climate, but its most fertile parts are those 
watered by large rivers, while the great table-lands are absolute deserts. 

From what has been said tbo question presents itself whether the ex- 
tirpation of a great forest in the vicinity of a fertile plain possessing 
only springs of water, might not give reason to fear the desiccation of 
these springs in whole or in part aud the consequent impoverishment of 
the country t The denudation of an arenaceous country may lead to the 
desolation of the neighboring plains through the incursions of the sand, 
as may easily be conceived from the explanation given by M. Chevreul 
of the formation of downs in the Landes of Gascony; the sand is here 
driven by the winds until it encounters an obstacle, when a barrier is 
formed which arrests the discharge of tbo waters; these moisten the 
base of the heap, and by capillary action cause the particles of sand to 
cohere and become fixed to the soil; the winds remove only the upper 
part, which, being carried forwaixl, continues to form new downs until 
the plain in the end is wholly overwhelmed with sand. 

A forest, interposed in the passage of a current of humid air charged 
with hurtful miasms, somotimes preserves from tlieir influence any tract 
which is thus sheltered ; while uncovered regions, as is exemplitieil in the 
Pontine m&ru'.ies, are exposed to the baleful influence. Trees, thereibrc, 
tend to purify an infected air by absorbing or obstructing its i>esttlential 
constituents. Still another kind of action is exercised upon climate by 
the presence of forests: the trees of lofty growth which comi)08c them 
withdraw electricity from the clouds, and thus to some extent neutralize 
the disastrous effects of t^torms. 

The restoration of fore^'.ts upon the mountains is an operation of prime 
necessity for the preservution of the latter; its a^lvantages result: 1st, 
from the increased facility with which the rain-waters penctntte into the 
soil and oven the subsoil, being traversed by roots which promote infil- 
tration; 2d, from theeflccts produced by the resistance which forests 
oppose to the passage of masses of air saturated with vapors in motion, 
which promptly descend in rain on being forced upwards and conqiressed 
by the obstacle; 3d, from the humidity which generally pre^'ails in the 
interior and in the vicinity of woods and which gives place to a precipi- 
tation of dew when the temperature of the air is lowered. 

Of the transformation of lands from which the forest has been re- 
moved into marshes, some striking examples may be cited, and those 
not in Asia Minor, of which mention has been made elsewhere, but in 
France itself. It is to be observed that when trees are cut down, tlio 
roots of course die and the soil becomes more compact. La Brenne, 
situated between the Indre and the Creuse, presents a circular surface 
of more than 200 kilometres (125 miles) in circiunfercnce, or nearly 80,000 
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hectares, (197,080 acres.) The soil of this country, which is atgilo-sili- 
ceous, rests on a substratnm of impetietrabte clay which resists the infil- 
tration of water ; it is thickly covered with pools, to which are attribnted 
the intermittent fevers prevalent throughout the district. Ten or twelve 
centuries ago it was occupied by forests interspersed with meadows, 
watered by running streams and fountains, and there existed then neither 
pools nor swamps: on the contrarj-, it was renownwl for the fertility of 
its pastnres and the amenity of its climate. The disapi)earance of the 
forests was snccecded by collections of stagnant water which took pos- 
session of the now unproductive and worthless soil, and this to such an 
extent that in 1714, the tract of Bonchat-en-Breune alone counteil uo 
less than one hundred and nine of them. (Piganiol de la Force, De»crip- 
lion de la France.) A like state of things appears in Sologne, which rep- 
resents a surface of 4oO,000 hectares, £1,112,000 acres,) and which has 
become proverbial for its insalubrity. The deplorable condition in which 
we see it did not alwaysexist. Historical docnments show that a (!:reat 
part of this country was of old clothed with woods. Their extirpation 
has been succeeded by accnmalations of water, fens, and the attendant 
maladies. At the present day the removal of the forest need not involve 
so calamitouj a consequence, for modem ingenuity has placed at our 
disposal the means of restoring salubrity and fertility to swamps and 
moor-lands of even long standing. 

The eflects prodiice<l in moontains clearly evince the action of roots 
in promoting the infiltration of rain-water and the alimentation of 
sources. In a mountainous country the extirpation of forests promptly 
leads to the ibrmatioa of torrents. Of this the Alps fOniish uumeroas 
examples. When, in fact, vegetation Is left to develop itself freely on 
the sides of inountauis covered with the detritus of rocks irom the snm- 
mit, dense forests of spruce and larch quickly occupy their flanks, and 
the interlacing roots form a net-work which binds and protects the soiL 
If clearings are inconsiderately made in the direction of the slopes the 
waters follow the course of the openings, and, carrying with them the 
Vegetable deposit, rapidly excavate furrows. These furrows extend with 
time, and end by forming torrents. Nothing of this sort occiu^ where 
the woo<]s have not been felled. All the eastern part of the department 
of the H antes- Al pes presents numerous residts of this kind. 

We thus see that the presence of a forest on a surface of steep inclin- 
ntion counteracts the formation of torrents, while disboscation exposes 
the soil to their ravages- This cfTect it is easy to explain when the soil 
is once occupied by vegetation, first by the humbler plants, then by 
trees whose roots, forming a sort of felting, give consistence to th« 
ground at the same time that the branches and leaves break the force of 
heavy rains. The trunks, the off-shoots, the brush-wood, multiply ob- 
stacles in the way of the currents which would otherwise furrow the 
earth. The effect of vegetation, therefore, is to give more stability to 
the soil ami to distribute the waters over its whole surface, so as to pre- 
vent their following the drains in a mass, as would be the case if the 
earth were denuded. The toil, being dicided by the rooU and covered icith 
aporottn humuM, absorbs a part of the waters which cease to flow down 
the slopes and are conveyed by percolation to the low giounds. where 
they serve to feed streams and fouutaiuH. Such are the benefits resulting 
from the presence of forests on mountains and inclined surfaces exposed 
to torrential rains. 



n,g,t,7l.dM,GOOglC 



ON METEORITES. 



liyantlalrd fnm Ihe German for Oit Smitiitmian In»tit»tiOH.'\ 

* * * As fnmishiiig the fioest exemplificationsof the Widmannstiiten 
figures, as well as the pnrest aocl rarest kinds of siderites, may be cited 
the meteorite of Braanau, the meteorite of Seclasgen, the Putnam 
meteorite of Georgia, and the Dordioger meteorite found here in Wis- 
consin. Acconling to the classification made by Professor ShepanI, the 
last belongs to the order of the taniastic siderites, (ribbon siderites.) 
Besides this specimen, there has been adduced by Professor Shepard 
only one example of the order in qnestion, which whs fonnd, in 1^1, at 
the Cape of Good Hojre. 

In a report which, in the beginning of September, 186S, I had the 
honor, at the instance of the Wisconsin Society of Natural History, to 
lay before it, respecting the iron meteorite found in that State, and which 
contained the results of an exploration of the locality where the meteorite 
was found, conducted by Mr. C. Dorflinger and myself, it was stated that, 
ill July, 1868, there was presented to the museum of the society, by its 
secretary, Mr. Dorflinger, a piece of iron of sixteen pounds weight, 
which had been found in Washington County, Wisconsin, by parties 
engaged in cultivating a farm. This piece, upon scientific investiga- 
tion of its physical properties by Mr. Dorflinger, proved to be genuine 
meteoric iron. The surfaces ground and polished with a view to its 
examination, when treated with nitric acid, exhibited Widmannstaten 
figures of the greatest beauty and distinctness. A qualitative chemical 
analysis, conducted by the director of the mineralogical section of the 
society. Dr. G. Bode, confirmed the discovery. The place where the 
mass of meteoric iron was found is in section 33, Washington County, 
Wisconsin, on a small farm belonging to a fanner named Louis Korb. 
In the fall of 1858, Korb, in working his farm, struck with his plow 
against some hard object, which lay about ten inches under the earth. 
The supposed stone proved to be a mass of metallic iron of sixty-two 
pounds weight. The representation of this mass, as regards both its 
magnitude and form, lies before the society in the drawing executed 
by Mr. Dorflinger, at the place of discovery. 

Iq the years immediately following that last mentioned, Korb found 
similar but smaller pieces of meteoric irou to the number of four, as I 
am informed, within a circuit of fi'om two to three rods from the place 
where the first and larger mass was lying. One of these pieces is the 
iron meteorite of sixteen poonds weight presented by Mr. Dorflinger to 
the society. A second piece I procured, in conjunction with Mr. Dorflin- 
ger, at Cedarburg, where it had been kept until then. This weighs 
seven and three-quarter pounds. A third piece we obtained tronn the 
printing office at West Bend, where it had been for several years, but 
27 b 
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Tritlionttbolcast reco'niition of the natnrcoftbeniiDeral by aoyoDe either 
there or at <Je<lHrbiirt;. A fourth piece should hare been at the Korb 
Cinii-hou)4e, but in not non* to be found. The mass of sixty-two poands 
weight has, for n short time past, been in the cabinet of nataral history 
of I. A. Lapham, who snceeeiied in imrehasing it. 

Tlie place where thene meteorite:^ were found, and its environs for a 
mil(^ in cinnimfercnce, form a hilly tract quite thickly covered by forest 
trees. The soil of this hilly district is a calcareous or argillaceous loam. 
Everj'whcre in the region are to he found fnigmeutary angular stones, 
often several feet in diameter, and also round and smooth ones, all of 
the oldest formation, wbicb come Irom the so-called azoic rocks in the 
north of Wisconsin, and wbtcli are interspersed in the quaternary di!u- 
vinui. This last forms a calcareous belt, thirty-six miles wide, along the 
shore of Lake Michigan to Green Bay, and ia regarded as belonging to 
the Niagara and Clinton limestone formation. 

These drift rocks (TrUminergesteine] often cause the cultivator great 
labor in reclaiming the land. It is customar>- to see targe pyramids of 
stones heaped up in the fields, which the farmer has draggetl together, 
with no little trouble, before be can till the soil. This is the case n( 
Kerb's farm to a very extraordinary degree. To the quartzose and 
granitic rocks strewed over this region, at an earlier time, and lying 
uncovered or close under the soil, it is probably to be ascribed the fact 
that the masses of meteoric iron which hare been found had not to be 
withdrawn throngh any very deep excavations of the ground. 

As Korb, and probably many others of the vicinage, had been led by 
the finding of these iron fneteorites to conjecture the esistence of rich 
treasarcs of iron ore within the earth, I sought the more strenuously to 
remove the disbelief in the cosmical origin of the bodies in question, 
especially as that origin had not at the time received tbe incontestable 
confirmation of chemical analysis. 

Close to Korb's farm lies another on which is found, in the midst of 
a wood, n small and very deep pond in the moor land. Near to it is n 
ferruginous spring. On closer observation I found that this was nothing 
mure than water flowing from tbe moors, and soon becoming stag- 
nant through an overgrowth of decaying plants — showing a slight im- 
pregnation of iron— less even than much of the water drunk at Mil- 
waukee. Only a few hundred steps from this, also in the forest, is a 
rather large and very deep pond, surrounded by a quaking and scarcely 
passable bog, some four hundred feet long and two hundred wide. The 
pond is callcti Burns's Lake. Tbe whole scenery makes a dreary and 
uncomfortable impression on the mind. I have generally failetl to find 
hereabouts minerals containing iron, though Iron Eidge stretches from 
Do4lgo County almost to the borders of Washington County. 

According to Dr. G. Bode's report, submitted to the Wisconsin Society 
of Natural Ilistorj-, he has taken the samples for tbe careful chemical 
analysis which be has executed from the piece weighing sixteen pounds. 
Tbi.s piece is externally covered with a brown, almost polished coat of 
oxide of iron, imparting but slight coloration ; within, it is nearly of the 
whiteness of silver; it is very soft, but of great toughness. The so- 
called Widmannstitten figures, characteristic of meteoric iron, admit of 
being produce<l with great distinctness. 

Tbe specific weight of tbe mass amounts to 7.3272. One hundred 
parts contain, of iron, 89.1i2 i>er cent.; of nickle, 10.79 per cent^; of 
pbospborua, 0.C9 per cent., and a trace of cobalt. 

The composition of all meteoric iron masses, thus far examined, is 
very similar. Of nine different analyses, known to hiio, Dr. Bode states 
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the avtrage contents in uickle at 10.30 per cent. The relative <)uaDtity 
of phospbonia is, in nearly all, higher than the above. On the other 
liaad, most of the iron-meteorites contain traces of other substances 
mentioned before. 

From the absence of other constituents, the meteoric iron discovered 
iu Wisconsin is the purest which has been hitherto found ; it is distin- 
guished for its beaaty, and only one other meteoric iron mass now known 
shares in an eqoal degree the characteristic of its species. 
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I take this opimrtiinity of giving yoti a preliminary ootico of two bail- 
storms, of both of which I waa fortunate enough to be a witness. The 
pbenoineDa were of so uuusual a character that they are well worthy of 
a full and precise account. 

They took place withiu fourteen days of each other; the first oti the 
27th May last, at 3 p. m., the second on the 9th June, at 6 p. m. The 
localities were not far asunder, being both in the neighborhood of Tlflis, 
near Belot Kliutsch. The morphological characters of the bailstoues, 
which were very large, as much as sixty or seventy millimetres (2J inches) 
iu diameter, were as remarkable as they were dissimilar. On the first 
occasion they were oblate spheroids, resembling Mandarin oranges, while 
their structure seemed almost organic. On the second there was a fall 
of actual ice crystals, an occurrence which has never before been noticed, 
jit least as far as I could discover ftom the literature within my reach. 
The stoiies were not mere lumps, exhibiting iiulistinct crystalline forms, 
but spheroidal bodies of definite crystalline structure, overgrown along 
the [)hine of the major axis by a scries of clear crystals exhibiting vari- 
ous combinations belonging to the hexagonal system. The commonest 
forms were those which occur in calcite and si)ecu]ar iron. Of the for- 
mer type, by far the most Abundant were combinations of the scalen- 
ohedron, with rhombohedral faces ; crystals of fifteen to twenty millime- 
tres (^ inch) iu height, and corresiranding thickness, prettily grouped with 
combinations of the prism and obtuse rhombohedra. The terminal plane 
was also occasionally noticeable. Some which fell at the begiuning of 
the storm were flat, tabular, crystalline masses, thirty to forty millime- 
tres (1^ inch) in diameter, resembling the so-called " eiseu-rosc," which 
occurs at 8t. Gotthardt. 

The stones, when picked up quite fresh, allowed sharp edges, with 
faces which were forthemostpart slightly curved like those of diamond; 
liowever, those which I took to belong to the scalenohedron were per- 
fectly plane. 

I was in the open air when each of the stonns began, and was able to 
gain shelter before I received any injury. This was fortunate, for the 
damage done, even to large treesj was very serious. 

I reached home in a quarter ot an hour, and found a pail full of the 
largest stones, which liatl been collected as soon as the first fright bad 
p8sse<1 over. My house was not much damaged. I sat down at once 
and drew ten of these remarkable forms, which bad scarcely undergone 
any alteration. 

I have often thought over our conversations abont hail, and I see that 
if I now applied all the theories which have ever been broached to the 
facts which have come under my own notice, not a single one of them 
will give me any light toward their explanation. I would ask how such 
a regular growth of crystalline masses, reminding us in their character 
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of the drnsy crystals of calcite from Andreasberg, ciin bo reconciled 
witli tlie violent atmospheric cummutiou which we suppose to accom- 
pany the formation of hail. We say in naturd nihil Jit per iiaJiua, and I 
believe it. The growing crystalline mass mast have been stispcnded 
for a long time in a very cold stratum of aqueous vai>or before it reached 
the earth, 

[The two subjoined cuts are copied as closely as possible from the 
onginal drawings.] 

„ I would only add, by 

way of a hint, to explain 
' what cannot be shown by 

such imperfect drawings, 
> that where the flat sphe- 
' roidal forms, resembling 
specular iron, in the cen- 
ter of the drawing, exhibit 
shading, the crystals were 
not always opaque. The 
ring surronuding the uu- 
cleus had amilkyapi)ear- 
ance, owing to small air 
bubbles, as had the uii- 
eleua it^self in most instan- 
ces. Many of them, how- 
ever, had a clear nucleus. 
This could easily be seen 
next morning, when the 
stones had all melted 
down to cakes of about an 
inch in diameter, occa- 
sionally taking the shape 
of ft regular hexagon. 
, The milky ring round the 
/ central point was clearly 
distinguishable as a sort 
of fibrous web comi>osed 
of the fliiest air cavities 
traversed by threadlike 
tK>res. Insomecasesthere 

Attoal ropmpntnltniiB (of thfl natnrnl *!») of tiro of the hall- Tpga nn rinrr nnrl tlm nii. 
fton™ ichifh f.ll in Gwriiift on Uiu Mil JiuiB ISfi), drmli at "^" "'' '^"S> """ l"*^ "'^ 

iho time by sinatsrsib Abich. cleus was semi-opaque. 

The shading round the border of the large circle is only intended to 
murk the smooth spheroidal form of the central mass. The actual 
crystals were attached parasitically to its edge, or else inserted in a 
sort of socket, as I found when the stones thawed down. (Sec a, Fig. 
1-) 

All the stones contained fine air pores, pear-shaped or worm-like, 
running &om the center to the circumference. The drawings are as 
near as possible natural size. 
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Communicated dy Dr. Charles Sabtoeics. 



To tlie northwest of the tows of Colitna rise, above lower monntaina, 
two lofty volcanic peaks, ttie more easterly, capped witli snow, l>eing 
3.790 metres (12,434 feet) in beigbt, the more westerly, with a conspicti- 
OI18 crater, 3,580 metres, (11,745 teet.) The latter had an eruption in the 
year 1818, bat had since remaine^l in repose, tliongh thin clonds oi 
smoke often ascended from its summit. 

On the 12th June, 180!), a dense smoke issued from the crat«r and at 
night a briglit light was \'isible at its moutli ; detonations like the dis- 
charge of distant artillery were beard, bnt no coucnssiou of the earth 
took place. On the 13th there was observed from the hacienda (farm) of 
San Marcos, four leagues distant from the volcano, on its northeast side, 
at the foot of the steep cone, a glowing heaving {AiuchweUung) of the 
surface, which continued to increase, and displayed intensely luminons 
clefts, nom which were ejected smoke and red-hot stones, extending in 
the direction of the snowy {>eak above mentioned. 

Tbe civil engineer, Bicardo Orosco, ascended the volcano on the 15tb 
of June, accompanied by two servants and a guide. At 6 o'clock in the 
morning he left San Marco's, and reached at 12 o'clock a plain at tbe 
foot of the steep cone, where he left the horses. A heavy storm was 
prevailing, the temperature of the air being 10° K^umur, (SiJoF.) On 
a second small plain upon the northeast side of the mountain was tbe 
new upheaval, which ascended to the scari) of tbe coue and stretched 
in the direction of the snowy peak, tbe latter being 4,500 metres (2j{ 
miles) distjint. The upheaval iu question seemed to be some 35 metres 
(114 feet) high and 230 metres (754 feet) broad, forming a flattened arch. 
Tbe appearance was that of a wild mass of volcanic, red-hot rocks 
heajied one upon another and coustantly in motion, not unlike freshly 
burnt lime when sprinkled mth water. The rocks which rolled down 
were, on cooling, of a gray color. A piece broken oflf rang like glass 
and was vitreous and jwrous. In the middle of the upheaved mass tbe 
movement was strongest j there large clefts and intense light were dis- 
played, white engulfed stones, which were swallowed up in great masses, 
were followed by a noise as of violent wind and by clouds of smoke, 
sometimes blue, sometimes yellow. The temperature of tbe air in tbe 
vicinity was 42° K., (121!o F.) The stoues in tbe undst of the heaving 
mass seemed to be softened, though not melted, and no flow of lava 
took place. Orosco ascended the cone in order to observe the phenome- 
non from above. Tbis cone is very sttMSp, and consisttt of sand and vol- 
canic rubble. The teni[>erature on the summit, which was reached at 
2 o'clock p. m., was found to be 4° It., (41° F.) From henco the whole 
of the new uphea\'al could bo surveyed. In tbe middle of it the most 
vehement movement was in pn)gres3, attended by the constant upheav- 
ing and tlescent of rocky masses, fire, and blue and yellow columns of 
smoke. 

Tbe upper (ancient) crater has a diameter of 150 metres, (492 feet,) 
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descends in a cone-like form, and shows aronnd its circumference many 
fissures and rifts. From tlie center and walla arose a dense sulpbiiroiia 
vapor. The gases from tlie new theater of eruption had n smell like 
that of burning stone-coal. 

The descent was very toilsome on account of the rolling stoues. At 
3.30 p. m. the horses were reached, and at 9.30 the hacienda of San 
Marcos, where many were waiting to leani the resiUt of the expedition. 
The Import of Orosco was, that the district was threatened with no dan- 
ger, as no lava was issuing, and the fissures Iieing open gave no reason 
to fear any explosion fh)m the tension of confined vapors. Later ex- 
plorers of the volcano found a fissure from the new npheaval to the up- 
per i)eak, one to three feet wide and about three fteet in depth, but 
neither heat uor vapor issuing from it. The latest reports inform us 
that the same phenomena in general continue to present themselves, but 
that such volumes of fetid gases issue from the fissure, that the inhabi- 
tants of the district were forced to leave their abodes. Cows and 
sheep were killed thereby, so that it was found necessary to drive away 
the herds from the neighborhood of the volcano. 



n,g,t,7l.dM,GOOglC 



n,g,t,7l.dM,GOOglC 



CONTENTS OF THE REPORT FOR 1869. 



Rc8o)Dtioa of CoQgivM to print the report 3 

litttcr from tbo Secretary aabmittiaf^ report to ConsreaB 3 

List ufKegenta aod niuiDberetxti^ioof tholustitutjon '. 5 

Exocutive officers of tbo Institutioa 6 

Proirramme of ortcsunzMian 7 

EEPORT OF THE SECRETARV 13 

Finances 13 

Coupcrution witb Goremraent Deportments IS 

Piiblicatione 16 

International eicban^M SI 

Library 23 

Gallery of Art 25 

Museum ...,. ..,., , , 26 

Lectures , 28 

Explorations and collections in natural history .-....- S9 

ExplorotJouB and collections in ethnology 31 

Meteorology 47 

APPENDIX TO REPOET OF THE 8ECHETAEY 52 

Entries in Museum record books G2 

Distrilnition of ilunlicate specimens ^ 

Additions to r be collections 53 

Statistics of literary ocd scientific excbon^^ 59 

Packages sent from America foe forcitpi societies 60 

Packages receive<t from foreign societies 63 

Listof met«oro1ogicnlMatiotiH and observers 6tt 

Colleges and institutions furnish ing meteorological obsorvations 78 

MeteoroloKical material received in 1969 79 

REPORT OF THE EXECUTIVE COMMITTEE 85 

Receipts in 1869 ". 85 

Expenditures in 1869 86 

Efltimates and appropriations for 1)^0 87 

E.taraination of accounts K7 

JOURN-VL OF PROCEEDINGS OF THE BOARD OF REGENTS 88 

GENERAL APPENDIX. 

Kkpleh: bis lire and works. By M. Beminuid 93 

ElXOGYO.V TROMA8 YoUNO. By M. ATDcb Ill 

MEMoin oi' AuGUSTE Bra VMS. ByM. Eliede Beanmont 145 

Miuioui OK C. F.P. Vo-v Mahtius. By Ches. Ran 169 

Like and Scientific Imbors of Stekano Mahianim. By C. Matt«ncci 179 

CiiEMieTRY OF TiiB Eakth. By T. SteiTj" Hunt 188 

ELKCrniCiL CritltF-STS ok tub EAitTH.- By C. Matteucoi 308 

Phenomena OF Fught in the Animai, Kingdom, ByM.Marey 836 

Thk Northern S»:.vs. ByM. Babinet 386 

RKPOirrns tiif. Tuansactions ok the Society ok Phyaicsakd ok Natobal 

History ok Gk.nkva, Junk, IHSe, to June, ie69. By Dr. H. C. Lombard.... 997 
CoRON.iPo's Maiich in sb.uicii ok the "Skven Cities op Cibola" and Dis- 
cussion OF TiiEiit Prouabi.e LOCATION. Bv General J. H. Simnson, U. S. A. 309 
S'>ci.tL AND Religious Condttion of the Lower Races of Man. By Sir 

• John Lubbock 341 

Phiscipi.es .\ND Methods OF Pal^ONtoixjgy, ■ ByT. H. Huxley 363 

Rejiarks on the " Cara Gioantesca" of Yzamal, in Yitcatan. By Dr. Arthur 

Bchott 389 

Fob»:rtsand their Cmm.vtic Influence. By M. Becqaerel 394 

Meteorites. By Dr. Fr. Bronndeeke 417 

REMARKAiii.t: FoRiii ov HAii^STONr.8 IN Georoia. By 8. AWch 420 

ERL'prios OK THE Volc.no of Couma. ByC. Sartorins . 422 



126 COSTENTa 

ILLUSTRATIONS 

' Phonomeoa of Sight iu the aDinial kiugdom : 

Fig. 1. TcaciDgsof wing-stToki^HOf adrunenadof a bee 235 

Fig. 2, Tracingaof wiogof ailroDe 235 

Fig. 3. TraciDgsof wiQgof a nasp ia hIioH flight 237 

Fig. 4. Aspect of a wiutp 238 

Fig. 5. Tracing of wiog of Maeroglona gidiunt, (BL-tlstran: sphyns-moth) S40 

Fit. 6. TraceofaWheatstone'eoctaN-ui-od 240 

Fig. 7. Tracing of wing of a vraep S4l 

Fig. 8. B^pnseoting tho ortiScial insect, or scheme of flight of insects 34& 

Fig. 9. Eflect of heaton rausciilar contraction K52 

Fig. 10. Skeleton of the wing audeteroum of afrigat«-bird 2M 

Fig. 11. Skeleton of a flamingo ■■ ..- 255 

Fig. 12. Skeleton of a penguin 256 

Fig. 13. Pline's apparatus 253 

Fig. 14. ■' " 858 

Fig, 15. " " 259 

Fig. 16. ApparatOB for regiBteriog the motion of the wing of a pigeon S63 

Fig. IT. Ai>parat<is for oxhiititing the contraction of the thoracic mosclee of binla 266 

Fig. 18. Myographic tracings of the pectorals 267 

Fig. 19. Electric tmcing of ascent anil descent of wing of the harrier 267 

Fig. 30. Difiereuco in amplitude and frequency in wing^strukee of a pigeon 2Gi) 

Fig. 21. Tracings to express snelliDg of the biceps muscle 270 

Fig. 22. Trace of ttio action of a harrier during flight 271 

Fig. 23. Anparatns to transmit motions to a lover at a distance 273 

Fig. 24. Elsatic point tracing upon smoked glass 274 

Fig. 25. Harrier flying with apparatus 275 

Fig. 26. Representing course of the point of tbe wing 276 

Fig. 27. Ellipse traced by a wheatatone's rod 277 

Fig. 2!*. Course in space of the extremity of the wing 377 

tig. 29. Apparatus for transmitting oscillations S80 

Fig. 30. Chronographic trace of a tuning-fork, &e 283 

Fig. 31. Oscillations of the wing of a duck, barrier, &o 2d3 

Fig. 32. Oscillations of the wing of a harrier 282 

Remarkable hoil-stones in Georgia: 

Fig. 1. Natural size lepteseDtation of bail-stone 421 

Fig. 2. Natural size Mpresentutions of hail-stone 421 



n,g,t,7l.dM,GOOglC 



INDEX. 



Abirli, S,, arcanntof Teroarkablehail-etoDes 420 

Accouuts. examination of tf7 

Agents of tlio Smitlisonian eichnnges 23 

Agricultural Department, couperation with 26,27 

Alubaino, collections from 42 

Alaakn, collections from 32 

Aleutian Islands, collections from 33 

Alexander, Colonel C. A., death of, and resolutions relative to S3 

translations by 93, H5 

Antiquitiea of Yncatan 3ii9 

Appundix, (ceuerol 91 

Appropriations from Congtvss 15 

Appropriations for the jcar 1870 87 

Ani)^, eiilOKj- on Thomas Young ^ Ill 

Arizon% colKctions fri>w 40 

Arkansas, collect ions from ^ 41 

Army Medical Musiruiu, cooperation with 26,27 

Art Gallery of Mr. Corcoran 2.1 

Babinet, Northern Soaa 2^ 

Bacbe, Professor A. D., eulogy on, accepted S8 

BairO, Spencer F., ettsistant secretary Id charge of museum, exchanges, &e.^., 5 

explorations by . 31 

Bannister, Henry M., clerk in charge of meteorology S 

Barbadoes, collections from 45 

Becnnerel, M., on forests and their climatic influence 394 

Bttrlhrand, SI., life anil works of Kepler 93 

Biuney, W. G., land and fresh-water shells 17 

Birds, flight of 247 

Bischoir,F., collections by 29 

Bland, Thomas, land and fresb-water sheila - 17 

Bowon, Hon. S. J., acts of, asRegpnt '. 89 

Bravais, Augusts, memoir of, by Eliode Bcanmont 14j 

Brenudecko, F,, on meteorites 41' 

Brewer, Dr. T. M,, Oology 16 

British Guiauo, coUectiuUB from 46 

Brown, Solomon G., clerk in charge of transportatiuu 5 

Coliforuia, collections from 36 

Canada, collections I^m , 44 

Canal, report to be prepared relative to 83 

Cnpron, General H., botanical arrangements by 2" 

CaraGiganteHcaofYzaiual, in Yucatan "j9 

Central America, collections from ., , 46 

Chose, Chief Justice 8. 1'., acts of, as Regent ., 8N,S9 

Chemistry of the earth. By T. Storry Hnnt la2 

Cibola, seven cities of, discussion of location of. 309 

Cleveland, P., moteorological observations 16 

Climate and forests 394 

Cofliu, J. H., meteoric fire-ball 16 

meteorological investigations. 47 

Col iroo, account of volcano of 422 ■ 

CollectiouB in natnral history 29 

Collections, list of additions to M 

CoIora<lo, collections from 39 

Congress, orilers to print extra copies of report 3 

report submittoil to , 3 

Corcoran, W. W., Art Gallery of 25 

Coronad<^s march iu search of the "seven cities of Cihola." By Gent-ral Simpson. 309 

Cox, Hon. 8. a, acts of, as Regent 88 

Dakota, collections from :(6 

Dall, W. H., collections by 29,32 



.CoQi^lc 



428 INDEX. 

Page 

Davta, Hon. Garret, acta of, asBcgeut 99 

DeaD, G. W,, Dbtiervationa by 20 

Dena, Jobu, medulla oblungata 16 

De Iteaamont, muinoir of Bravais,by 145 

Delafield, GeDerul RicbarO, octaof, lutBegQiit t»,t9 

report of execntive committee 87 

District of Columbia, colloctioas from 43 

Docamunla, escbaage of, with foreign nations 23 

Donntlona to library 24 

Duplicatee, dUtribation of ' S& 

Electrical currcnMof the earth 808 

Electro-metrical esperimonts of MarioDiai -. 179 

Estimates and appropriations for 18TU 87 

Ethnology, collections in - 31 

Exchanges, account of system of 31 

Excbnoges, statistics of ^,60,63 

Eiecntive committee, report of 85 

Executive officers of the Institntiou 5 

EspeuditnrcH of tbo Institution in 1869 "86 

Explor»tionB, accuuut of 89 

FeBsenden, Hou. W. P., death of and resoluttous relative to 89 

eulogy on, to be propoiedby Chief Justice Chaae 89 

Finances, occonnt of 13 

Financial condition of SmitbsoDian Institution 85 

Fligbt io the animal kingdom, phenomena of SM 

Florida, collectinue from 48 

Foreign coirespoDdents of the Institutiou 17 

Foreuian, Dr., ethnological inventory 31 

Forests and their climatic inHaenco 391 

France, collections from 46 

Gariield, Hon. J. A., acts of, as Regent 89 

Geology, chemical 193 

Georgia, collections from - 43 

remarkable hail-sloues in 480 

Gliddon mnuimy case 17 

Gomlfellon, E., observations by 20 

Gould, B. A., IransatlaDtic longitude 16,19 

Oovemmeut Departmeote, cooperation with 15 

Orayson, A. J., explorations by 30 

Bail-stonra, rttmorkable. Account of, by 8. Abich 420 

Hamlin, Hon. H., acts of, as Regent 88,89,90 

HaydeD, Dr. F. V., explorations by 30 

Heights of meteorological stations 68 

Henry, Joncpb, director of Ibe Institution 5 

letter to Congress , 3 

report for 18^ 13 

resolution of Regents authorizing visit toEnrope 89 

Herbarium, account of 28 

Herrou, Joseph, Janitor of the Museum 5 

Hildreth. S. P., meteorological observations 16 

Hmlson's Hay Company, explorations by 31 

Hunt, T. StciTy, chemistry of the earth 18! 

list of papen by, on chemical geology 188 

Huxley, T. H., principles and methods of jialteoutology 363 

Idaho, collections tmni 3^ 

Illinois, col iMtions from 40 

Index of scientiHc papen 35 

Indiana, collectiou« from 40 

Indians of Cupel'latlery. By Swan 18 

Indians, nfaotograpbio portraits of. 17 

Insects, night of 230 

Institution, members ex officio of 4 

Insurance of east wing and range authorized B8 

Journal of tlio'Board of Regents 88 

Kansas, collections from 38 

Kentuckv, collections from 41 

Kepler. John, his life and works. By M. Bcrtliraml 93 

King, Clartiici', explorations by 29,:tC 

Lartet, E., cuUectioua from 46 



INDEX. 429 

P»ga 

Latitude of meteorological stations 69 

Lectures, aid ^uted to 98 

Lectures on fligbt in the animitl hinf>dom S36 

Leech, Daniel, clerk in charge of correapondenco .' 5 

Library, statistiea of 23 

LomlHml, Dr. H. C, report of Geuera Society-. 297 

Longituilo of metcorotogicol Bt«tions 69 

Loueitude, traiiaiitlantio 19 

Louisiana, collectioDS from 41 

Lultboek, Sir John, social and [«ligio»s condition of lower races of man .. 341 

Maclean, R«v. Dr. John, acta of, as Regent SH.m 

Maclean, John, report of oxecntivQ committ«e S7 

Man, social and religions condition of lower locaaoC By Sir John Lnbbock... 341 

Maryland, colleclious from 43 

Matteiicci, Carlo, life of S. Marianini 179 

oneluctiical currents of the eutb 306 

Uarey, M., phenomena of flight in the animal kingdom 236 

Hariauini, Stefano, life and scientific labors of 179 

Mnrtius, C. F. P. von.memoir of, by Cbas. Kau 169 

Meteorites. By Dr. Brenudecko 417 

Meteorological material rocciv mi iu 1869 79 

Meteorological stations nud oliaervers in 1869 69 

Meteorology, account of aysMm 47 

Mexico, collections from 45 

Mississippi, coUeetious from 41 

Morgau, L. H., Byatemsof conaanguinity..... 16 

Moaman, A. T., observatjons by 30 

Mummy case, description of... ' .- IS 

Museum, account of operations in 36 

additions to in 1869 53 

diatribniion of duplicate specimens 52 

entries in record books 52 

Myer, General, meteorological syst«m 51 

National Academy of Sciencea 19 

Natural history, directions 17 

Natural history, Geneva society, trausactiona 297 

Nebraska, collections from 38 

Nevada, collections from % 

New Brunswick, collections from 44 

New England, collections from 44 

New Jersey, cuUectious from 4:1 

New Mosico, collections from 39 

New York, collections from 44 

North Citrolina, collections from 43 

Northern seas 8(*i 

Ohio, colloetious from 41 

Oregon, collections from '. 3i> 

Pnlmmtology, principles and methods of, by T. H. Hnxley 363 

Parker, Uou. Peter, acts of, OS Regent 88.89 

rei>ort of executive committee 87 

Parry, Dr. C. C, arrangement of herbarium by 38 

Pennsylvania, collections from 43 

Pliotographic portraitsof North American Indiana 17 

Physics, Geneva society, transactions 297 

I'iAf ring. Dr. C, Gliddon mummy case If., 17 

Poland, Hon. L. P., acts of, as Regent >i^,69 

Polynesia, collections fnim 47 

Porto Rico, collections from 45 

Printing, resolution of Congress 3 

Programme of oi^miization of the Smithsonian Institution 6 

Publications of tlio Institution .. .... 10 

Races of man, condition of , 341 

RaJii, laws of distribntion . 48 

Rain-fiill, tables, charts, &e -. 48 

Ran. Chas, memoir of C.r. P. Von Martins im 

Receipts and expenHes of the Institution in 1869 85 

Regents of the iiistitntion, list of , 4 



RcuitiousuLp 



juunialof tile Uuird . 



among different nations.. 



i,Googlc 



430 IKDEX. 

P»ge- 

Keport,coDti'nt9of, for 1968 21 

Rejiort of the executive committee 85 

Ri«olutiun of CimgreasorderiDg extra copies of report 2 

BeaolntioDS of Bourd of Uegeiits — 

- on (lealhof Charles A. Alexander 88 

acceptfliiceof report of esecutive cummittee 88 

direcliD£ insurance on east wing US 

eulogj' on ProfesBiir ItiLcbe, to 1w printed in report 88 

ondiathuf Hou. William P. Fessenden 89 

requesting Chief Justice Chase to pimiare eulogy on Hr. FcMeudea ' 89 

antboriziug Professor Kuury to visit Euiope 89 

allowance for extra services 89 

acceptiug annnal report of the Secretary . 139 

detailed statement of expenses of musonm to bo made by execative 

committee and Secretary 89,90 

relative to Mr. Rhees, chief clerk 89,90 

Eheee, William J., chief clerk 5,89,90 

Sartorins, Dr. C, account of emptiunof volcano of Colima 423 

Schott, C. A., mo'«orological investigations 47 

Shells, manual of 17 

Signal Corps, meteorological system 51 

Simpson, GeneralJ. H., discaseion of location of "seven cities of Cibola" 309 

Smitlison, will of 6 

Siiniichrast, Dr. F., explorations by . 



Swan, J. 0., Indiaiu of Cane Flattery 16,18 

Tables, meteorological and physical 17 

Telegraphic diiteruiinationof longitude 19 



Telegraphic indications of weather 

Telegraphing by Atlantic cable, method of 20 

Tennessee, collections Sana 41 

Texas, collections from . 4S 

Thomas, General G. H., collections by 29 

Transactions of Geneva Society of Physics and Natural History 297 

Transportation facilities granted 22 

Tmniball, lion. L., acts of, as Regent 88,89 

Turner, Jnne A., clerk in charge of records of exchanges 5 

Utah, collections from . 35 

Virginia, collections from 42 

Volcano of Colima, eruption of 442 

Von Martins, C. F. P., memoir of 169 

Washington Territory, collections tioxo 35 

Weather predictions 50 

Wisconsin, collHutions from ,. 40 

Young, Thomas, eulogy on, by Arago m 

Yucatan, ancient relics in 3>j9 



n,g,t,7l.dM,GOOglC 



n,g,t,7l.dM,GOOglC 



M,Googlc 



n,g,t,7l.dM,GOOglC 



u 



n,g,t,7l.dM,GOOglC 



w 



iM,Googlc 






■ > / fc, 



iM,Googlc 



i 



n,g,t,7l.dM,GOOglC 



n,g,t,7l.dM,GOOglC 



